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ABSRACT 23825

The objective of the SHAP-8 Program is tc design and develop a 35-kw
electrical generating system for use in various space missions. This report
covers the progress during the seventeenth quarter of contract performance by
ta Kgrojet-General Corporation. The status of the varivus necessary systems
aﬁalyses is presented. Design and fabricaﬁion‘of components - turbine alfer-
nator assembly, NaK and mercury pump-motor sscsemblies, bearings, seals-to-space,
mercury boiler and condenser, mercury injection system, electrical insulation,
and electrical compcnénts - are reported. Testing the sevéfai romponent test

loops is discussed.- Materials evaluation of components evposed to mercury

corrosion and ercsion is presented. ’ W .
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CONTRACT FULFILLMENT STATEMENT

This Is the seventeenth in a serics of quarterly progress reports submit®ed
in partial fulfillment of NASA Contract No. NAS 5-417. It covers the period
Juae - August 1964.
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. ) Abbreviations commoniy used in SNAP-8 Program reports are defined below.
j% AA Al*errator assembly- HRL Heat reje=tion 1oum
- ARC Aromic Energy Commission HRS Heat repection system -
:% " AGC. A=rojet-General Corporation BT ,Heat trarsfer 100D
- AGN Aerolet~Genersl Nucleorics /c Tabricant-coclarnt -
;‘g AT 7 tomics Internztional L/'L‘L lubricant-c20ls2T 190F
- AOC Awvard of c:x:iragt 1eRC, 1ewis Reseecrch lenter
- ATL Acceptance test loop IML  TLiguid mercury loop
4 AZFO NASA - Azusa F1°ld Office M Ligquid mercury stand ,.
o BOD sneficial oceupancy dste INL  Liguid NaK 120p i
) l : _CC—EST -Cold-gas électrical system test 0% Li:quid organic looI;
, 71 i o CL : 'Cor'ros"i‘on loop (AGH) - 10S: Iiquid ;cré;a:_i: stand
} bPC ‘_Ceramc pottlng c'mgpsur.ds TPL  low pawer loop
o CTL o 'Compcne..xt ‘LDS‘t loop (Af‘N) MECA Mercury Evaporarion and
,1 j DDA.S ' Dlgltal data acquisition syccam Sfﬂgizz:l?gfnalyms (Pr:noct )
- : DW(_?: . Prawmg ) ) MIS  +Eercury :j::J.je:tion system -
% . EDM- - Electrical(—}digcharge ma,hlr.:_ng ML Pyre-ML, Du Fort polyimide organic
=7 EFF -Efficiencyr o _ recin; as =rployed in statorette
i Z EGS Electrical 'generating syétefn z;riiisn:g:zg;lc;ndica?es Ehe use: -
4 S Electronagnetic : MIX  Mercury l;op assembly ‘ —
3 EME Erlef:tronagnetﬂic eiguivalen‘-: MN,S . Msrcury-nitré’gen'system ‘
g ° FPS Flight prototype system . MPIVIA Mercury pump mévor \-‘assembly - 1
L FPTF  Flight prototype test facility MSAR Mine Safety Applimce Res'earcl; .
) i; ~ FRA Flight radia’ or assembl'y N Corporation SR
= } oE’ ) General Electrlc Company NeK éodi'um-pctassiﬁm
l 'GNgﬁ 'Gaseous nitroged stand . _ NASA Napional Aeronautice and Space
S GPS Grcund prototype system ) ' A.dminj:stration :
“3 ° GPTF Ground prototype . test facility NF ' Nuclear‘f:a.cvility o :
Ml . HML Heavy coating of ML (q.v.) - - NHRA _XeK heat-—rejec‘tipn assembly
. HR  Heat réj{action NEA NeK pump as‘sgmbly - E—
} HRF - Heat rejection fluid. (PMA - TeX pump motor = mbly
) . T NFS  Nuclear power.sys. m =
: j ) - J
z = Ty RS AR o
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X
i - ) ~HPSH Net positive suction head SI-2 System Loop Test Facility No. 2
5 NS . Nuclear system ) SI-3 System Ioop Test Facility No. 3
f . ORNZ, Oak Ridge National Ieboratory " S8L-4 System Loop Test Facility Mo. L
: 5 PBRF flum Brook Reactor Facility SMU Structural mockup
g ~ PCS-1 Power Conversicn System No. 1 SNAP  Systems for Nuclear Aux11 ary
g §l PCS-2  Power Conversion System No. 2 : Pover .
¥ i PCS-3 Power Conversion System No. 3 SR Saturable reactor
- ; ; B PCS-i4 'Power Conversion-System No.. k4 55 Stai;less steel -
i Y% " PP Power factor , T~ Twrbine assenblly
; & : ?L Primry loop : ) - TAA Turbine alternator assembly
g L PIR Parasitic load resistor - © TT  Type-approval test
g - PMA . Pump mc_)t‘c_)i‘— asse mbly . 'IFCL Trermsl corvection iloop (AGN J
f 'E A _’ _ PNIA Primary ek looﬁ-gséé“mﬁly TR Transformer-reactor ’(assemb]ty) -
. R -‘  > PO Purchase ord,e/r s ‘;['est section ’ -
. r‘f "PTAT . Preliminary iype-approval test TRW ~ Thompson Remo Wooldridge -
i PVT Pressure-volume-temperature - TSE Test support equipment
3 *; Ry Rockv.ell B (hardness; - - VLB Vehic.Lg icad brealj;er '
. 3 . RPL- Relatga power lowp * - . VR - ‘Voltage regulator-exciter
1 J:'f- SC . reed control o W/o  Without B -
= i 88Ds SNAP-8 béﬁrelopment'system - WOO_ Western (perations Office
* - B SBLR 7 SNAP-8 experpnentm |zeactor :f sf«zrcﬁgg :iorizti(:;:;:)fn:;é
) : SL-1 ,i.,.?ystem Toop Test Facility No. 1 alphabet ), these designations
T ; ) T . =2 indicate design stages of
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I. INTROLUCTION

The Aerojet-General Cdrporatioﬁ is proceeding with the design and develop-
ment of the SNAP-8 Power (onversion System, as authorized by National Aeromautics
and Space Adui. *11.::1‘, ration (NASA) Contract No. NAS 5-b417. The effective starting
date of the coni,ra;t was 9 My 31960. This report covers the technical progress,

the work accom ~i53 md ard the _program status for the seventeenth quarterly perlod -

The ul‘”ln‘ﬁ"‘& ob1ect1ve of the SNAP-8 Drogram is to design and develop =a

S a ‘M,\.ulcal gererating system for use in various _space missions. The power

source for this system will be a nuclear reactor furnlshed by the Atomic Energy
Commission (AEC). The SNAP-8 system will use a eutectic mixture of sodium and -

potassiun (HaK) as the reactor coolant and will operate on & Rankine cycle, with

mercury as the working fluld for the turbogenemtor The SRAP-8& sysﬁ;em will be - -

launched from a ground base and will be capable of unat.tended full-power -operation
for: a minimum of 10. 000 hours. After the system is placed into orbit, activation

e

and shutdown may be accomplished by ground command.
The nomenciature defined belo# is used in this Series of reports.

Electrical generating system (EGS) - the. complete SNAP-8 power plant, -
including u1l nuclear-system and power-conversion components, arnd E
: - the flight radlatcr assembly (FRA) '

Power conversion system (PCS) - all components of the SNAP-8 sys*em -
being developed by Aerojet-Ceneral

uNuclea* system (NS) - all parts of the SNAP-B ﬂystem bemg develoned
bty Atomics Inuerna.tlonal -

thex pertinent abbre "mtlons for the SNAP-8 program are li ted in the .
Glossary. ‘These abbreviations were established to a.ld in communications between

the NASA lewils Research Center and Aerojet-General. .

-Page I-1
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: ! -~ I Introduction (cont.) Report No. 0390-0L-17
I A:s part of the SNAP-8 Contract materials work, a Mércury Corrosion Loop
S Pr@gre;m is in progress at Aeréjet-General Nuéleonics,} San Ramon, Califor_rﬁ.a,
! u_nder Aerojet-General Corporation subcontract. The purpose of the program is
; ] to provide information on the extent and cature of mercury corrosion in the
q SNAF-8 system by using dynamic loops that simulate, as cl;asely as possible,
{ actual SNAP-8 (;perating conditions. A discussiofz of t»he‘y{ork performed dur]'r;é

this report périod was prepared by Aernjei-General Wucleonics pér<onnel, snd

S
-y

appears in Section VIII,B of this report.
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II. SUMMARY
A. PROJECTS

Farly in this report period the PCS-1 Prc ject Officé was formed tc
coordinate the PCS-1 and fL-1 tasks fo ensure their technical compatibiiity, and
to monitor budgets and'schedules.‘ The PC3-2 Project folcé; established earlier,
perivims similar functions for PCS-2 and SL-2. The Ground Prctotype System (GPS)
Project Office coordinates GPs design and Aevelcpment work at Aercjer, znd serves

a liaison function with_Atomics Internaticnai.
B. SYSTEM ENGINEERING

Analysis by AGC and -AI personnel suppcrting the SNAP-8 AGC/AT Design
Point ‘Working Group. produced a definiticn of an area of compatibility for the NS
and PCS. -A major objective of this task was io determine the minimum changes

required for the NS and PCS to achieve 10,000 hours of compatible operation.
o . X : B

Assembly of PCS-1, Phase I, Part 1 continued. The liguid-mercury
lines were fitted and the instrumentation fittings were installed. The beoiler ]
outlet-turbine simulater’ inlet line was completed. The PCS-2 pé BL-2 intérface

reqpirementé\ﬁeré established:andrre§olved. Conceptual'layout>draWngs were

" completed for PCS-3 and GPS. o ’ ' -

Startup and shutdown analyses continued using the analcg ccmputer.
The apalysgs tended to confirm earlier computer results. A digital computer program
has beer. prepared for conducting anclyses iuvolving SNAP58 rediators. While the
program is based on the tube;and-fin model it can, with slight modificationé,-
be'adapteé to conical or flat configurations. An investigation mede to determine
the.operatiﬁg_chargcteristics of the condenser NaK bypéss flow control-showed that
the unit can ;atisfactorily regulate ﬁéK exit temperature undef~all conditions
likely %o be- imposed on“the.systeﬁ, and the coatrol system and loop will have

satisfactory dynamic characteristics for all reasonable values of valve gains.

~ Work began 6gﬁggﬂgficétion of-the reference system analog gimulation to reflect

the. latest revisions in the system.
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I Summary (cont.) Report Fo. 0390-04-17

C. ROTATING MACHINERY

The third preprctotype altérnator was cnmpleted incerporating a

slotted roctor-pole face, a thicker flux yoke, 1ncreased slvnger radial clearance,

and Teflon coating on the dynamic seals. Des;gﬁ~and dravings for the prototype

alternator are 95% completegnand some drew1ngs h've been released for farricatiorn

of parts.ﬁ Tiie first test series of the Jurbmne alternater zse mbgy on *he GH2S—1
test stand were completed. Test ocjectives were to investigate the mechanical
1ntegr1ty of the TAA, the adequacy of ihe lubricant-coolant system, aad the
performance of the turblne and alternator uslng ‘gaseous nitrogern as the working

fluld%. Test results are disous ed at .length in this report.

Phase I testing of the NaK pump motcr in water W4s started. The first

. machined heat rejectinon loop motor housing was recelved and had an inorganic wocund

stator installed. Assembly of dhe fi“st mercury pump-moter assembly was cUmpleted,

and the unlt was mounted on the LML 3 test stand. Test plans for this unit, and
for a- second-mnlt completeﬁ later in the quarter, were prepared= *he lubricant-
“coolant. pump motor assembly was assembled and successfully operated at rated

de31gn conditions for 500 hours of the‘xOOO—hoar endurance test; the unit was

then disassembled and 1ne§ected.

" D.  NONROTATING COMPONENTS

e The analysis of mercury inventory fluct:oun in the SNAP-8 boiler as &

-

RPN

response to variation in NaK 1nletvtemperature CUntinAed Addisicnal tesTing of

",the fullrs1ze boiler is necessary before the resalts,uf Lhis analysis can be

spblied to the SNAP'B system, Fabrication of -1 boi’e“s A-3 and A-4 was ccmpleted.
Planning for the extensive. SNAP 8 condenser test series in RPL-2 was completed,

"~ and shakedown of the test loop was started. Satisfactory rolled and welded
tube-+h~neader Jjoints were developed fcr use in fabrlca+1ng,the -1 Cundenser

fbr ‘PCS-2 and NASA LeRC.

o
N

~ © .The prellminary de51gn rev1ew for the expansion reservoirs was held

LA final design review package containlng des1gn,requ1rements, procurement

specificacions, and test program requirements is nearly complete. The mercury

. injection system{finsl design review package was completed and issued.

- . , Page II-2
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II Summary, D (cont.) . Report J:. 0390-0u-17

The first preprototype voltage regilatcr sssembly and exciter assembly

passed acceptance tests at the vendor's plant, and wer< -hipped tv Aercjet. Long-

.term drift tests to ensure a stable spead-control sensing circuit ccnrinued, with

o measurable drift recorded inrcugh the report pericd. The -1 design for rhe
speed control module, the saturable reactor mcdule, zad the power transformer
module were compigted. Fabricat.on of the -X breadtcard starr programer was
completed; during checkout tests the unit operated satisfactdrily, The
radiation effects test program continued, ané reactor irradiatisns o the .

electrical controls components .and subassemblies was completed.
. MATERTALS

Materials evaluation and analysis supp°rting varicus areas of the
SHAP-8 development program continued. The mercury corrcsion loop. tes™ prograﬁ

continued at Aerojet-General Micleonics, and the resuvlts .are ;eported;aﬁa

discussed in this-report. . . - _ -
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III. PROJECTS

iy
. e

A, PCS-1 PROJECT. OFFICE

e sin,
PR

Early in this report period :the P7S~1 Project Office was formed to
(}) coordinate the PCS-1 and SL-1 tasks so as tv ensure their technieal ccmpatidilivy,

and (2) monitor the respeetive budgets and schedules.

P

i . SL-1 Project coordination meetings were started with the various

o

- cognizant Operations personnel. Several PCS-1/SL-1 reviews were held feor

visiting NASA personnel. Both the status of the hardware and tie techﬁ:ques used

L] I
- o

iy

Cpagwertr e &

1r'accompllshnng the tasks vere discussed. = O‘g

The three PCS—l Test Requirement Specifications for the three test{ng

phases were issued. The PCS-1 design was completed, and the FCS is in the process

- vy

~of final welding and assembly. _ - = % =

Y.

At merw
.

Approx1mately 110 SLi- 1 drawings were released for fabrication: Tnis

represents about 90% of the number requlred for Phase I testing. All of the

maJor components ha"e been dellvered and are positioned inothe tesL fac*lltyc

JR—

. ‘ ; Both the prlmary and heat reaectlon loop piping are reartng completion in the

7

test cell. The heat reJectlon system plplng sp0uls hgve been fabrlcated and are’

h

PR

ready for 1nstallation. Tne required 1nstrumentation wiring :s near comp¢et1on

oo

B and c0n31derab1e signal-conditi onnng checkout has been aCﬂompilshed, The facility

“ Freved

controls wiring was completed.

o B.  PCS-2 PROJECT OFFICE -

iany

L . - - During this repo:t pericd the configuration, pressure Iinssez, and’

thermal stresses werevestabllshed‘forbthe primary and heat rejec n NaK piping.

- The configuration and fressure losses. were also established for the lubricaticn
" and cooling system - The compcnent and piping msuntxng structare was ccmpleted
and ready for aSsembly of the PCS-2. The ‘beiler hanallng and pusiticoning

fixtures used in PCS-1 were modified for use in the P75-2. Boiler No. A% was

-delivered to Aercjet on 3 Juné 196k, TFlanges have been added and the unit is

ready for PCS-2 assembly. T . - . .

t . : L Page IiI-1
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III Projects, B (cont.) Report No. 0360-04-17

The testing requirements for the Phase I version, and the compeonent
requirexents for the Pnase II version of PCS-2 were combined to fcrm & common
requirement, thus reducing the number of phases from a total of % to 2. The

PERT network and schedules were reworked to indicate “he above change 6f phases.

Development~type (-1) mercury injection system, inverter, and start
programer will be used rather than workhorse equipment as had been previcusly
plammed. The electrical harness vill be of a workhorse type (not preacsembled),

but -1 installation techniques will be used.

Project coordination meetings were held tc discuss and resolve
problem-areas and dissiminate infcrmation to all departments. NASA-LeR(C personnel
visited Aerojgt several ti..2s during this report period to discuss status and

schedules, and to coordinate information between NASA~LeRC and Aerojet.

C.  GROUND PROTOTYPE SYSTEM PROJECT OFFICE L .

1. System Eng:neéring

The conceptual design for the ground protobype system \GPS) was
establlshed during this report perlod associated documentation which wss prepared

n"14ded “the follow1ng - . g
a. GPS Schematic (Figure 1)

“ b.  Conceptual Design Layout PCS for GES (Figure 2)
c. GPS General Test Plan 7
da. Preliminary GPS-Failure a;d Safety Aralysis ..
e. GPS Instrumentation Reqﬁiremgnts List e

2. Design Reviews =

]
-Two design reviews were conducted, during the report period, on

portions of the ground prototype system. . - {

On 21 July, Atomics International precented the final S8ps
reactor design for Aerojet review. The fuel, reactor vessel, and piping designs__,_,_,;

* appeared to be firm end substantially unchanged from tne Preliminary Design Review

v

Page ITL[-2

e meies  am N PR [N B (. i Tt e
- TN LT w0 e e i TR o B SARBGTRIE AT 2 | e e ot st L sz e [ RS S o DR N 3. (& T3
T 3 oy J 5



et

AT T T

it

REWTEE U v mes

SURCEREE R

M,

 to e B

EL S0

LR

gv"‘c él‘ .

> . P ) B

O KA

A‘éﬁﬂi

el o

[ N

et e e

P ety

Shuwuz

e g

P x\’

r

P —vuﬂ»-::.z

Pt

e

gy

e at ]
[2ES

©

b pTe—. 5 .
R B it 2 TR DU T LN .. R e L dov o

III Projects, C (cont. ) Report No. 0390-04-17
held in January. The controller, temperature sensor system, drum-drive motor,
and drum-drive gear train are undergoing some redesign as a rvesult of the contrel
dead-band and design-point revisions. Mechanical details of the gear train and
bearing sy;tem for the control drum have been revised to meet the more stringent
environmental requirements of NASA L1T7-2. These changes'also reflected some of

the Aerojet comments from the Preliminary Design Review.

On 29 July, Aerojet presenfed>the conceptual GUPS Power Conversion
System and test support eguipment design for review by Atomics International.
Review of the AGC designs by AI is aimed at assuring (a) operating safety,
(b) facility compatibility, and (c) system interface compatibility. The review
focused attention on a number of coordinated work tasks. Foremost among these

5

tasks are the following:

a. Definition of primary loop components including theb

nzed (if any) for workhorse pumps, the location of expansion re€servoir connections,

and the requirement for primery loop overpressure protection. “

b. System analytical studies for use in the revised design
point mentioned above (in the areas of sta?tup sequence, normal ‘shutdown proqedurés,
and emergency shutiown requirements associated with a complete study of possible

modes of failure).

©3 e i e o
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Iv. SYSTEM ENGINEERING . . —
A. EGS DEVELOPMENT CONTROL

1. Genersl Systems Engineering

a. Mass Properties Control and Keporting ' a -

Investigation was conducted and evaluation made of:the
existing standards, specificaticns, and original procedures ar 1 methods for - -
compilation, control, and reporting of mass properties (weight control), including

computer programs sultable for application to the SNAP-8 Program. >

On the basis of the results ¢f this investigation. a
specification - including recording and reporting forms - was prepared. . .anwhile, B ;7&
current and projected weight data for the SNAP-8 are being compiled. =~ . ”‘f‘: Lk
. ‘ b.  NS-PCS Design Point Selectior S S

Analysis effort undertaken by hero jet-General .and Aféﬁicé::A'_
International in support of thz SNAP-8 AGC/AT Design Point Work.ng Group result2d. .-~ ...
in the definition of an area of compatibility for the NS and PCS. A major: - f&‘;‘
otjective of this task was to determine the minimum charges requir;a to:theiNb59

and PCS to achiev. compatibility for 10,000 hcurs of operation.

(1) Analysis cf Reactor Outlet Temperature Transients-

The Aerojet analog comput-r was ujed to simplafeJ
the primary NaK loop with various loop and reactor parameters. The simulation
determined the effect of the parameters on the maximum reactor temperature C ﬁ‘

transient resulting from a 35-kw vehicle load change. - - . . ; o x;'-

Computer. studies cf many of th; same paﬁ;meters L
were also conducted by AI. The results of AI and AGC studies agreed very— B ) Y

closely where comparisons were possible.

(2) Reactor Outlet Temperature Bandwidth

Based on the results of the tempe-~iure transient . s

analysis, AI made a study of the reactor temperature bandwidths whiéh wous.d . ‘ i

. ;‘\!:, A
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- i IV System Engireering, A (cont.) T - Repcrt No. 0300-0L-17

result from various modifications in the temperature sensors and the reactor contrcl
syst.-m. This study led to the reccmmendation by the Desmgu Poirnt Working Group that
the mayimr reactor outlet temperature bend should be from 1282 to 155001-‘ . This
can be achieved by the ‘use of one sensor instead of two, plus improve:d eccuracy'

{ in the sensor and a 50% reduction in the reflector drwt step size.
{3) Boiler Pinch-Point and Inventory Variaticns

N An analysis was made of the effects on beiler
- operation of the following parameters: -boiler NakK inlet temperature bandwidth,
boiler mercury pressure drop, NaK flow rate (or boiler NuK AT}, and boiler outlet

pressure. N

! i — — ‘lhe effects of varylng the fo*fegclng were investi gated
» for the -1 Do:.ler as presently de51g::ed, and ‘for a modlfled -1 de51gn which would
have a reduced mercury ‘préssure drop. The mdlfled boiler was shown to be capabl°
of operatlon with a mlnlmum pinch polnt A.E of 30 ¥. ']hls is con51dered adegl.ate

i . t¢ minimize b01ler inventory-variation and outlet pressure rluctuatlon. ~

LR IR

Lo . - (h) Systemastudles, .- -
; } 5 A series of calcizlétions wes made to determine the

irfluence of NaK temperauure drop across the bo:l.ler and reactor temperature band

on the BGS operating parameters. System steady-state operat:mg p01nts were

evaluated as furctions of boiler NaK—BT from 200 fo 11+0 F, and of reactor S
- : " temperature bands from +1O F to +h0 F.
] z
o : The m:'nlmum power condition . is the system oueratmg
'  EL - point with boiler NaK mlet temperature at the lower 11m1t of the band and wi%
- component tolerances at the limits which produce winimuz power output.” The system'

E parameters are found for a vehicle‘ loia.d of 35.0 kw, plus 5.0 kw allowance for’

oo
[ SRR

degradation. ,

.- i

, Pinch voint AT is the difference between the NakK temperatule and the mercury
.- ’ saturatlon temperature at, the liquid-\rapownxterrace. ;
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IV System Engineering, A (cont.) ’ Report No. 0390-0k-17

Aoy |

{ The maximum power condi ion assumes a system designed
to match the minimum power operating peint, but operating at 135001” toiler NaK
! inlet temperature and at the limits of tolerances wiich rroduce maximum power -

Tincluding 5.0 kw allowance for degradation.

" (5) Conclus:ons

A region of operating compatibility hetween the NS

i - and PCS ﬁas found. This region is bounded by the reguired minimum boiler pinch

" point &7, minimum reactor temperature bandwidth, and performance curves of the - -
: modified boiler for variocus NaK AT at the boiler. This region is outside the
' capabl_thy of the -1 primary NaK PMA. ’
- ) ) The NPS eff;.c:.ercy was found to increase with ’ R
increasing boiler OT. - i '
(6) Wofkiﬂg Group. Recommendations
: . B ’ - The NS- PCS de31gn point recomuended was at b01ler - 1
: R NaK AT equals lTO F, with a Nal( 1nlet temperauure range of 128z F min to 1350 F maX. ~_
» 7’ T "In order to meet this de51gn point, the follow:mg
1 changes are necessary: * E
| on o . ' (a) Modifica;tion of —thé -1 NeK primary PMA -to B
i . - 3 - B o -
2 . meet the new flow rate . . - - .- .
‘ B (v) Moaification of the -1 boiler to reduce mercury
- i )
1 -pressure drop ) ] -
i » - : : (¢) Reflector drum step size to be reduced 50%, —

ot ~ R

3 E . single temmerature sensor used, and accuracy- increased.
o -

Ic. "EGS and PCS Modelt Spec1f1cat10n

b Reccmmended changes were 1ncorporated in ECS Model

2} - -
) ; épecificatiqn No. AGC-10151_and PCS Model Specn.flcaj.lon No. AGC-10152. The
LTy - . . - . o

" docuents are being pr_epared*fo'r release. . o

b y d. - Instrumentation
b S~ . ) “Systen iﬁstrumehtati_on Qgéuirements_ for PCS-1, PCS-2, and
S 0PS were formulated and tabulated for publication as a part of the appropriate

Page IV-3 .
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IV System Engineering, A (cont. : Report No. 0390-0L-17

test specification. The requirements list included instrumentation necessary

based upon the following criteria:

RN

{1) Satety botn to personnel and facililies

(2) ©System test reguircments; insirumentation necessary

to ascertain and record the degree of success attained in testing
(3) Compcnent test reguirements.
e. Start Programér

_ Preliminary studies were completed on the start-programer
reguirements. In the study the operational, performance, and physical reqmrementﬂ—
Tor the flight model of the start programer in the SNAP 8 EGS were dete_.lled

including varlut’ons from the- flight model uecgssary for ground prototype systen.

2. Develgpment Systems

s a.  PCS-1

—

The final test requlremenu,s spec1f1catlon for PCS-l~

; Phases I, II s and III were issued. NASA approval has been received on the Phase

port.lon of the document. The Test Requirements Specification (—l) sets forth

" the requlrements for support components and systems that are necessary to test

the PCS, (2) describes the operating procc.dures to be used, (3) sets fcrth -

g the desired tests to be magde, and (4) specifies V_the PCS components that are
1 . furnished. :
i : - P
- The 1ntent of Phase I, Part testmg is to explore and
{ ) Verlfy boiler performance using a turblne-smulator heat exchanger , and to verli':,
. I\‘ Amercury pump operation. -Phase I,4Par,t 2 is to explore and verlfy turblne and -
: 3i,= ~ condenser performance. - s . L -
3 - - " .
i ) Pnase II testing is to demonstrate PCS performance and
o E ~  short endurance capability.. . . - T
) K' . Phase ITI testing is to demonstrate long-term endurance
5";; capabilities while subjected te sun-shade environments and variations of vehicle
L electrical load demands. ] Y . C -
B ' . ’/,. . . —-- - R N . ) ) N -‘ ! ‘ N -
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IV System Engineering, A (cont.) Report No. 0390-0k-17

b. PC3-2

The test requirement specification, covering all phases

cf testing, was prepared and is ready for issue. The specificeation contains the

component list, description of tests, test support equipment required, and a

description of the data to be derived from the tests.

The primary purpose for PCS—2rtesting, a. describhed in
the specification, is to develop the PCS starting procedure and to conduct s

satisfactory endurance test.

The PCS-2 schematic was drawn and 1 leased during

this rebort period.
c.  GPS

A preliminary GPS sch=matic was drawn in preparatiéﬂ for

- an AI-AGC coordination meeting on GPS/CPTF A study is in process to 51mp11fy

" memorandum (Reference 1).

the prlmary loop to inerease the system endurancé_test reliability. Wbrk on the

test specification for GPS wac initiated and is contlnu.ng.

-

d.- Fxlght Reference System - e

- s  The reference system schematic diagram was revised to

ineq{porate the results of the analysis described in Reference 1.

The reference system was analyzed based on a boilzz
NaK AT of lTOOF' at 1282 to 1530 F-inlet temperature.

modified -1'primary loop pump, modified -1 boiler, and present -1 components in

The analysis assumed a

the rerainder of the system. Allowances were made -for systen degfadation and
component perfcrmancertolerances.r At minimum ana max1mum ‘alternator outout -
condifionS‘the following items were determined for steady-state operation: flow
rates, pressures, temperatures, TAkrpower, PMA power, FLR power, heat rejectlc“' . A

from radiators, and reactor power. This analysis wes issued as a technical ‘ .

B N

B. - SYSTEM DESIGN - S __;/_,_ J—
Assembly is continuing on PGS-i;’?haée‘T;”Paif 1. The llquld-mercury

lines were fitted and the instrumentation fittings installed. The lines are

Page IV-5
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IV System Engineering, B (cont. ). - ’ Report No. 0390--0L-17

in the weld shop for final welding and stress relief. The boiler outlet-turbine
simulator inlet line has been completed. Thz mercury flow control valve, the

wercury pump, the temperature sensors, the pressure transducers, and the condenser

1

M -

Pl

instrumentation mounting installation are either incomplete or have not been

détivered.

1. PCS-1, Phase I, Parts 1 and 2

A technical memorandum titled Flange Stress Analysie PC8-1, PCS-2

was released (Reference 2).
a. Design

. 7 The trace heaters for the boiler cutlet-turbine-iniet . <
line were ordered. The turbine inlet line for PCS-1, Phase I, Part 2 ﬁas Te-<
designed to incorporate the mercury vapor filter, and the turbine inlet and

boiler mercury outlet line interface loads due to thermal expansion were calculated.

.- The PCS-1, Phase I, Parts 1 and 2 instrumentiation.
installation drawings. were completed. The PCS-1, Phase I, Part 1 drawing was

o

revyised to include the upgrading to PCS-1, Phase I,‘Part 2, and has been released. .

The insulation installation drawings for PCS-1, Phase I, Parts 1 and 2 are in the

final stages of completicn. Condenser instrumentation installation drawings are

in process. - . —
T _

b. Assembly

PRIPIN

The haﬁdling procedures’for PCS-1, Phase £, Part 1 are

RN

completed and have been submitted to manufacturing for advance quotation request.
Preliminary PCS-1 Phase I Part 1 installation procedures in SL-1 were -completed

and -are being revised.

Instrumeniation fittings were instelled on all mercury
~ lines and the Bbiler. The boiler inlet and -outlet NakK circuit expansion jointc,
and-the condenser inlet and outlet NaK circuiﬁ expoasion joints were. fitted to
the fréme assembly. Thé mercury liquid lines,‘including the mercury flow venturi,
were fitted and are in the weld shop for final welding and stresé relief. The

boiler outlet-turbine inlet line is about two-thirds complete and is awaiting

-

- - completion, of instrumentation welding. The turbine exhaust téllows has been

received and is now installed in the”PCS-1 assembly. _
. ) ) , Page IV-6
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IV System Engineering, B (cont.) ‘Report No. N390-0L-17

2. PCS-2

Revised lubricant-coolant loop and mercury loop inventories and

volumes have been'calculated. Pressure drop calculations for the lubricant-coolant

loop, the primery NaK loop, and the HRL Na2K loop were compleied, The component
fluid pressure at the lubricant-coolant circuit interfaces have been calculated.

The one-quarter scale mockup has been completed.

- Component interface lcads and pipe stress levels that ﬁil,
result from piping thermal expansicn have been walculated. The transformer
recctor assembly, HRL NaK pump motor assembly, primary NaK pump mctor assembly,
and the parasiﬁic Joad resistor mounting installetion configurations have been
resdlved.‘ The piping configurations incorporating the test support equipment
flow control valves have been resclved, but exact valve mounting bracketry and
pipe interface loqations camot be determined because the valve envélope

limitations are unknown.

The PCS-2 to SL-2 interface requirements have been established

and resolved.

3. PCS-% and GPS

The conceptual layout drawings were completed. The materials-

weight summsry for the reactor environment activation studies.was completed.

—

A PCE-3, GPS conceptual design was completed.

C.  SYSTEMS ANALYSIS

1. - "Startup and Shutdown Analyscs
a. * Analog ComiuterqlnvestigationS‘

The results of the major portion of the anclcg computer

startup analysis for reference system "B” have been reported in previcus

made to investigate two areas of the startup sequence toc assure that reactor

tempé;étdré'criteria—weglﬁ be satisfied during all portions of the startup
sequence. The complete reference system "B" analog computer simulstion was

used for these series of runs. The two areas investigated were {1) the effect

Page IV-T7
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of the ¢ime to change the primary loop flow rate from 20 to 50% rated on the

JER I )

maximum rate of change of reactor coolant temperature and on the maximum coolant ‘

arf gy -

temperature at the reactor outlet; and (2) the effect of a speed mismatch tetween

e

the inverter and the alternator, at the time of pump motor load transfer, on the

wtudiy

meximur rate of change of reactor coolant temperafcure at the reactcr oﬁtleta

A ceries of runs was made for which the time to change

the primary locp flow rate from zO to 50% rated was varied between 30 and 120 sec.

[T

This series of runs was conducted to simulate the portion of the startup seguence

FEES XN

when the i‘nverter‘ speeu is changed so that NaK flow rates and the reactecr powér

I I

level &re broﬁght to required levels prior to mercury injecticn. The results cf

\4,‘1[<| o

this series of runs are presented in Pigure 3 which shows that the maximum rate

27
‘o

of change of reactor coolant tempersiure did not exceed the lSOOF_/min limitation -

for inverter speed change ramp times that are greater than 50 sec. The maximum

P N Y R T

wo e iy

the runs; the maximum value obtained was 135001’-‘.

An a;dditiona} aspect of startup was also investigated with

P -

w

the_aid of:the analog computer simulation. During the initial mercury injecticn

ramp ‘pe}iod the turbine alternator assembly (TAA)- will accelerate up teo rated

l;r mm' O

speed, and when the TAA speed reaches a nominal value of 50% rated speec, the

PMA eléétrical loads will be automatically switched from the inverter to the G -

] al—te'rnator; The possibility of speed mismatches between the inverter and the

we

ow s

TAA exists because of tolerances in the inverter speed and in the circuit

—z | § which detects TAA speed. Any speed mismatches wiil result in small but rapi'd
- .- éhanges in NaK flow rate- and will inzroduce 6émperature transients in the -
5 i . primary 1>op. Thereforei a ,serr'ies of runs was made with several combinations
t of inverter speed and TAA speed. The results of this series of runs indicated
E that, with the most adverse combirdvion of inverter and TAA speed tolerances,
: . : the maximum rate of change of resctcr coolant temperature would be increased .
i /{ by approximately‘ 10% over sim;"Llar startup ruus iz; which no inverter or TAA speed
; @ tolerances were considered. Nb significant differences were noted-in the
t maximum reactor outlet tempera'ture for this seriés of computer runs.
2 -
_f ! - ’ Page IV-8
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b. Related Studies and Investigaticns

. A study was undertaken to estimate certain.condenser off-
design conditions during the portions of PCS startup when mercury pump NPSH cculd
be an important consideration. A digital computer program, criginally written fo
provide condenser design data, was modified to perform off-design calculatiocns fcf
the -1 condenser. Since the digital program is suitable only for steady-state
calculations, input data as a function of time were obtained'from appropriate -

analog computer startup runs. The féllowing input data as a functicn of time

was reguired: mercury flow rate, NaK flow rate, NaK inlet temperature, mercury

liquid interface location, and mercury inlet qualility. The results of the digital
computer analysis are presented in Figure 4 where the condenser inlet and condenser
liquid interface pressures are presented as functiocns of time during starcup.
Figure 5 shows the condenser pressure drop during startup and indicates that
actually a pressure rise is predicted during the portions of startup which were
investigated. The fact that a pressure rise can exist in _the condenser &uring
startup indicates that mercury pump UPSH will not be a prcblem and that greater

NPSH margin would exist during startup than was previously estlimated.

An investigation was conducted to determine the possible
effects of a condenser typass control on system conditions during startup. '
Calculations indicate that, prior to mercury injection, system conditions will
be essentially the same whether or not a condenser bypass control is contained
in the heat rejection loop. However, during the latter stages of mercury
injection and before rated mercury flow is obtained, a conﬁenser bypass control
would tend to maintain the condenser NaK outlet temperature at higher levelc
than for a system without & condenser control. As a result, the condeaser bypass
contrcl would tend to override the operétion of the température contrcl valve. »
The resulting higher conden. ing temperatures and corresponding mercury saturatica
pressures would result in reduced turbine output power and it is possible that -

self-sustained system operation could not be maintained under thesé conditions.

fThereﬂore, if a condenssr bypass control is incorporsted in -the heat rejection

loop, provisions shoula be made to ensure that the control will not function

during startep.
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B A review was made of proposed normal and emergency
chutdown procedures for PCS-1 and PCS-2. An analysis was made which indicated
that the proposea emergency shutdown procedure wculd be adequate for foresseable
emergency situations. The analysis indicated that, with a mercury dump val&c
located near the boiler inlet, the turbine inlet pressure would decay o 35
psia within 3 sec after the‘dump valve had been complétély opened and after
the mercury pump discharge trim valve has been completely closed. With the
vehicle lcad on the alternmatcr and with a 35 psia inlet pressure, the turbine
speed would be negligible. As a result of tuo procedures review it was
recommended that an isolation valvé be incorporated in the mercury loop at the
pump outlet for all phases of testing to eliminate the pqssibility of reverse

floﬁ through the mercury pump upon shutdown.

2. System Studies

a. Space Radiator Computer Programs .

A digital computer proghah has been prepared for .

conducting analyses involving SNAP-8 radiators. The program is based on &

tube;andrfin'model.ﬁith the tubes arranged in avcylindricél configration

(20 ft.in dia) with no heat rejection occurring from the inside of the cylinders
With slight modifications, éhe program céhrbe adapted to a conical configurat.on =
or a flat configuration. The model includec an inlet and outlet manifcld with

jén appr@ximafely constant pressuré drop per unit length in order to obtain &
uniform:flow distribution throﬁgh all of the tubes. The srmor thickness is
culoulated using the "NASA Standard Armor Criteria" (Reference 5). The armor
thickness*is based‘én the PCS vulnerable area which includes the lubricant-

coolant (L/C) radiator and other PCS components as well as the HRL radiator.

The eviernal heat load on the radiator due to solar,

planetary thermal and planetary albedo radiation, 1s computed using the
criteria in Reference 6. This accounts fof the view factors thaﬂ depend on

the orientation with respect to” the extermal heat source.

“The prograia has provisions for varying the following

Page IV-10
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(1) Number of parallel flow circuits -

(2) TNumber cf tubes per circuit

3}  Fin dimensicns

(+) Radiator cylindrical diameter

(5) Fluid inlet temperature and heat rejection required
(6) External heat flux

(7) Emissivity and absorptiviTty

Specifving the preceding parameters, the progran

calculates optimum tube and manifold diasmeters (with respect tc weight) and the

.,\_:QS(‘

corresponding pressurc drop. The program can alsc develop data for msking a

i
¥

trade-off between pressure drup and radiator equivalent weight. The eguivalent

. |

- weight includes the added:system weight netcessary tc provide the radiator pumping

4

power. This program was initially developed teo facilitate investigations for HRL cﬁ' =,

e

jaat s 847

system paraieters. A modification of this program has more recently been prepared

|

to facilitate investigations of the L/C loop parameters.

'§ A third radiator program has been developed for evaluvating
off-design performance of space radieters. For a specified radiatcr configuration, .

specified external heat flux, and specified flow rate and inlet temperature, the

* o pmere b

program will compute heat fejection and the fluid outlet temperature. This
vt program has been used to develop sun-to-~shade off-design perfcrmance of a space
: radiator in an earth orbit as shown in Figures 6 and 7. The data ccmpares closely

with similar steady-state data previously developed on the thermal analyzer for -

(a1

both sun and shade operaticn. - ;
b.  HRL ihvestigation for a Venus Application . \

3 ) Investigations were made %o ewvaluate the trade-off
:; between system weight, radiator design, and heat r=jecticn locp operating {
n§ parameters. The analyses were made considering the use of the SNAP-& E-S

in a Venus uilssion, which is the most severe application with respect tc

external heat load described in environmental specification 417-2. The-

iy

]
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IV System Engineering, C (cont.) Report No. 0390-04-17

radiation heat Iluxes which would be experienced by svace radiators in Venus
and Earth orbits are indicated in the tabulation below which was taken from

= Reference 6.

500-Mile 1000-Mile

Earth Orbit Venus Orbit "
Solar Lol Btu/hr-ft2 846.3 Btu/hrnft2
Planetary albedo  154.8 Btu/hr-ft=  402.6 Btu/hr-ft°
2

Planetary thermal 59.3 Btu/hr—fte 33,2 Btu/hr-ft

The Venus radiator analysls was based on a cylindrical
configuration (20 ft in dia) consisting of a number of tubes and fins with
several parallel flow paths. ‘The tube and fins were assumed to be insulated ¢
on the interior of ﬁhe:cylinder S0 tﬁaﬁ no heat rejection would take place within
the interior of the cylinder. The interior surfaces of tﬁe radiator tubes will ‘
receive some micromefeoritq prd%ecﬁion from the fins and from radiation si. elds
on the cylinder ends; ﬁherefore, these surfaces will ﬁot require as much armor
as the externally exposed surfaces. It dis not possible to define how much
protection this will provide; hence, the interior armor thickness was arbitrarily
assumed to be 0.1 in. thick or approximately 40% of the armor thickness on the

exterior surfaces. The absorptivity and emissi7ity of the radiator surface

" were assumed to be 0.9 and 0.4, respectively.

The radiator digital computer programs described in a
precéding discussion were used in making the Venus investigations. Twc general
casesywere‘analyze@. In one instance, the radiator would be designed to provide
‘the required heat rejection under the worst thdinions of external ﬁeat flux in
a 1000-mile Venus orbit with tﬁe cylindrical axis perpendicular to the sclar
radiation and in a high-noon position. The other case was one in which the
cylindrical exis was muintained parallél to the solar radiation. Preliminary
computer runs weré’made for the first case indicated above to determine the
trade-off between radiator equivalent weight (including buhping poﬁer weight
equivalent) and rediator-design parameters (including the numbe?'of parallel -

“flow paths, the number of tubes perrfloy path, and the -pressure drop across the

rediator and *he connecting lines).
) . Page IV-12
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The HRL -conditicns for the preliminary runs were the
saue as those in the new nominal reference system operating in the sun which

are as follows:

Condensing temperature £80°F
Radiator inlet tempe.ature 6650F

HRL flow rate 39,%00 1b/hr

Heat rejection rate 425 kw

The results of these runs are summarized in Figures 8 and 9. The results showa
+hat the optimum parameters are as follows: number oI parallel flc+ paths
= 130, number of tubes per flow path = 1, and pressure drnp = approxicately

19 psi.

g Additional computer runs were made w;th vary1ng
condensing tempe.atures and HRL flow rates. In these runs the turb¢ne ¢nlet
pressure, temperature, power outwut, and erficlency along with thé number cf
radiator flow circuits and number of tubes per circuit, were assumed %> te . =
constant; hence, to obtain the required turbine cutput power:&ith varyiﬁg
condensing tempera*ures (turbine back pressures ), the mercury flow rate had

to be var }ed accordingly. The variation of mercury flow rate and HRT heat

rejection as a function of condensing temperature are indicated in figure 10.°
/

Figure 11 shows the trade-cff belween radiator
equivalent weight and radiator pressure drop for a condensing temperature of

680°F, a radiator inlet temperature of 6650, and for various HRL flow rates.

3 milar runs were made Ior condensing temperatures of

.

700 and TEOOFn A summary of these runs is 1ndlcated in Figures 12 and 13 which

show equivalent radiator weight as a function of HRL flow rate and rominal’
in-sun condensing temperature. Bach of the radiater designs 1n this summary

has an optimum pressure drop and pressure drop distributicn between mani?olds

and tubes.

7

An sdditional analysis was made tc determine tae “

minimum NPSH provided to the mercury pump, with the worst accpmulatfﬁh of

Report No, 0390-0L.27
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iV System Enginzering, C (cont.) Repcrt No. 0390-04-17
tolerances anc.degradations in 10,000 hours, for the near-cptimum designs 1ln the
preceding sumeary. The radiator off-design perfcrmance digi}al prcgram was used

;~ in deteimining the shade operating temperatures in this analysis. The results

of this analysis are indivs*ed in Figure 1k which shows the minimum NPSH as a
H function of HRL flow rate and nominal in-sun condenclné tewperature.
3
. Similar ~-nalyses were made for the seccad general case

1o the

3 in which the radiater was oriented with the cylindrical axis parallél
svlar radiation. Tiese resulis arc summarized in Tigures 15, 1€, and 17.

; The. preliminary conclusions cf these analyse: are
as follows: ' -

g' (1) e near-optimum condensiug temperature ard flow
rate axe apprcx:unately 690 F and 60,000 lb/hr for the worstv-orientation case.

iz : . Presznt minimum NPSH ..rlterla ’ hovever, may dlctat a higher cUnden ing tempemtu_re.

A L - -

2

- ; \2) The near—opulmum condensmg tempe:'ature ang -

flow ratn for the oest o¢’1enta’c;on case are 68C°F and 152,000 lb/hr » respectivel e

Present minimum NPSH criteria may d1cta+e a higher condenalng tomperawr

1- - - » (3) The sun-shade tewmperature variaticns are

- 0 . . 0 .
approximately- -25 F for the wo¥st crientation case azd -5 F for the vest

orientation case.. ' - : B

Coar b

HSakmevil
'

- (4) Te weight saving achieved ty favorable

;—, oriencation is approximetely 160 1lb. It ShO'LLLd be noted however, that in
. - =

order to obtain favorable oriertaticn, some type cf at tltude contrcl would .
3: be required. The. additional weight required ior such a contrcl could excee:d

the radiator weight ssavizngs. T, v

c. Primary Loop - Reactor Controller Deadband Investigation A

An investigation was conducted tc {1) define n2e B
areas of compatibility between the nuclear system and the £GS, (2) define the

changes requiied in the reference flight system to assure compatibility betwesn

4 - v . - R

*_
For "D" reference system conditions.

I . o - . ‘ . Page IV-1%
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i
i
AIA ) toth systems, and (3) assure detivery >f the réquired output power during 10,0C0-
_hours of system operation. As a pert of this invostigaticn, analyses were made
i! to .ctermine the influence of NaK temperature drop scross the boiler as well as
reactor control deadband on the selection of SNAP-E system operating parameters.
<E Several system power balances were performed for systems that weuld produce the

required net output power under the most unfavorable accumuletions of system

-» - tolerances, perturbations, and degradaticns leading tc minimum power cenditions.
~ - Similar powér balances were alsc made for these systems atzuming the most favorable
- accumulation of tolerances-and degradations tending to produce maximum power.
g The criteria assumed for the minimum power ccndition were as follows:
— : _ (1) -1 component characteristics were considered {with
.% the exception that in some cases & new primary PMA was required).
- (2) System tclerances wers as indicated inm Reference
- R .
-3 7, with some exceptions. .
-~ s (3) Boiler pressure drop and perfGrmance were in
i . o f
é accordance with estimates of boiler designers. . ; - L
g (%) Reactor outlet temperature was at tiae lower end of :
t . - - . O
e .the deadbard. (Upmer end of deadband for all cases was 1330 F). -
:E . ) {5) A surplus allowance of 5 kw was assumed Zor 10,000

E hours to accommodate degradation. , 5

i (6) System oreraticn was in the swilight. “ o
(7). Boiler NaK ATs considered were 205, 180, 170, :

160G, and 140°F. ' T

gl

(8) Reactor controller deadbands (total temperature ~

swing including transient) were.20, 40, 60, and'BGGF.

b o 500

The criteria assumed for the maximum power conditions

C : - o
i were the same as in the preceding list except for the fellowing. (1) reactor
- - ) - - . (s
outlet temperature at the upper end of the-reactor control band was~l3§Q ¥,
'g \ 2) system operation was in the Earth's shadow, (3) turbine nozzle area was 10% :
; i: greater- than,in the minimum power cases, and (L) loop flow rates were 6% higher
; ué than in the minimum power cases. i ;
i Page IV-15 — -+
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) The effects of the reactor NeX th¢et texperature deadband
and the prlmary loop flow rate on other system parameters are indicated in Figures

18 to 23.

)

Figure 22 indicates a limitation In primary locp operating

t

w‘i

parameter due to ma. .mum 2llcwable power of 80 kva.

From boiler conciderations a minimum of 30°F pinch pcint

t

temperature represented another iimitatica tc¢ pramary iccp cperailng purameters.

;O
) -

All points above the BOOF pinch point were nct ccnsidered appiicatle.

3. Analog Computer Studies

S
)

a. -Condenser Bypass Flecw Contrcl Study

) M’ sty
REL LI § lv‘ﬂ"t
)

R n,:w‘\s' Ly N'F“\"
T M .
‘

) An investigaticn was made tc determine the steady-state
R - e s . r o - - -
‘and transient characteristics of the thermostaticaliy cperated cocndenser NakK

by;a53~flow control, as shown in Figure 2k, go that & compcnent requirement .

Iy

document could be issued. Work is probre551ng toward the develnpment oZ this

PUNNSRION

valve for use in the system, if required during-system testing. The flow coatrcl
valve senses condenser-NaK ex1t temperature and adjusts a. bypass of the NaK flow

arcund the condenser to minimize variations in ccndenser NaK exit temperature

B below the set point temperature of the valve. The purpose of this contrsl is te

prevent cav1tat;on of the-mercury pump by malntaihing the mercury ccndensing

t““ﬁ?f‘ b

[

pressurc abeve the minimom consistent with the pump minimum .nlet pressure require-

( 1

ment. The results of this study were ﬁublished ir a technical memerandum,”

Reference.8. A brief summary of the results is as fellows: - -

PR

The condenser bvnaSc centrol can satisfactorily
) L rpgulacv’NaK exit temperature (and thersefore
__e—T =" indirectly the mercury condeusing pressure)
B nder all ccnditions likel‘ to te jmposed on
z the system.

o

\
¢

|

|
‘- e e m-\m e

The control system and loop will have y
. satisfactory dynamic characteristics for sll’
reasonable values cf valve gasins up tc 1 1b . o
per sec (bypass flow) per degree Fahrenheit

(below the valve set point), and for time

tonstants up.to 90 sec. -

[

¢
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Lo ey

A description cf the computer resulre Is as follows. . _

I -
- {L) TFigure 25 shows a sun-tc-shade tranzient with

W

bypass contrcl gain cf 0.25 1b per sec per F, ard a 25-:zec time conetant.

) The trace shows .that the condenser exit temperztiure is maintained with:in o F ¢f
: o
: the valve reference temperature of £65 F,
(2) Tigure 26 shows that the same sun-7--shade transiens,

: . . (o) \ - .
i without a control results in a 20 F drcp in ccndencser NaK erit temverature.

(3) Figure 7 shows the effect ci a -10% step in mereiry

flow with a control gain of 0.25 and 25 sec time constant, The coazdenser MaK ex—t
. D sy - QO .
temperature is maintained within 8 F of the reference temperatures; without a

T4

A
7

A8}
1=

igure .

control, the drop in temperature would have been 33 F {see

= (L) The steadyJState regulatioq of the condenser NaK -

exit Tpmperature for the mlnlmum, Dom.na;, "and maximum system conden ing temperatare T,

\, averirmend

- condltlons:are shown in Flgure 28 by the intersecticn cf ihe bypass éontrol regulaticn

and system curves. The minimum and maximum condensing ccnditicns occur when system

g \mll

" toleranzes combine in the most unfavorable accumulaticn of parameter +slerances arnd

compcnent variations. Th°Se-ccnditio*s are discussed in, Reference 9. Figure 28

R

shows that the NaK condenser exit” termperature is regulated as a functicn of the

system conditions, the valve set point tempersture, and the valve gain. The valve -
o

S o

set point temperature defines the upper limit above which the temperature wiil no%

be regulated. The valve gain determines the variaticn In NaK temperature belcw

the set point temperatuie and establishes ihe required bypass flow for a given

system coudition.

o

’g - (5) Flgurp 99 shows the regulat on ¢f condenser NaK - |
exit temperature follow1ng a sun-to-shade transient for dlf?erent control gsins.

For a pain of 0.25, the temperature is regulated to withis k T of the sun - . .

ot ot

temperature with a bypass flow of approximately * 1b per sec. An increase EB ol

valve gain reduces the-temperature change for a relatively small change in

e

T bypass flow. The same information can Be ¢btained from. Figure 28 by observing

the nominal sun and shade system curve intersection with the approcpriate conticl

[ —

gain line.

tx. - . ) ' Page TV-17
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IV System Engincecring, C (cont. ) - Report No. 0390-0L-17

(6) Figure 30 illustrates the effec: of mercury flow

rate variations on condenser NaK exit temperature for different ccantrel gains.

b. Rea~tor NaK Exit Temperature Transient Study

s

An invesiligation was made to determire the effects cf

g

o . S
Ty ey el Ty e B D

individual design factors on the severity of the reactor Nak ex.t tlemperature

ROV

X

o+

s ¢cf

[

transiCats following a full-load step change in parasitic load. The resul

this investigation are reported in a technical memorandum, Reference 20. *o te

[w)

released shortly. Thls study, made with tre-vze o Ui analog compiter simulaticn

-of e prlmaryfloop, determined the olgn‘ icant factors vwhich affect the rezctor

il

temperature transients.

Figure 31 shows a schematic of the primsry loop simulation

ey

which was studied on the anslog computer to determine the reactcr cutlet temperature

LN

transienis fcllcf;ﬂ' Tull-lcad- step changes in parasitic power.. IThis simuataon

R Ly

was bas:bal}y the same as previously used fcr —he deadhand study repcried in

Reference 11. TFor-this series of test runs the toiler heat load is mairtained

g

constant at rated conditions of 450 kw while the reactor power varies from an

. " initial power of 421 kw to & .final power of 456 kw (6 kv cf radiatior heat, losg.

|
!

in loop is‘éssumed) after the parasitic lcad bower is step“edrcffa Fcr these

P

1

ser1e= of runs the upper tempersture deadband vas remcved sc that the maximum

possible temperature during the transient co;ld be observedn " Since a 1imi%

o

eyeling of the controller 1s-nou possible if the upper limat is not reached

during Lhe tran51ent a deadband temperature limit above the maximum transient

oy

temperature allows for some stability margin.

Because of security classification, the results of thkis
4 b -

.

study are’not contained in-this report but- will be available inﬁg technzcai

memorandum (Reference 10). ' ;

c. SNAP-8 Rcference Sy tem -

Work started on the mcdification of the reference aysLem
analog 51mulation to reflect the latest revisions to the :ystem. The rex151015
are ba51cally the result of a decision to produce a final fli ght system based on.

the -1 hardware designs rather than base the flight. system on mrdif1cat1onb to

~
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‘in PMA power”of approximately 2 kw would result. The increased PMA power require-

IV System Engineering, C {cont. ) Report No. 0390-04-17

the hardware. DNew systcm diagrams have been prepared and the system equatiovns

are being nodified tc¢ rcilect the new design conditi~ng. System transient and _—
steady-state studies wilil be made}on the analcg computer upon ccmpletion of the

revised simulation. These studies will include PCS startup, shutdown, sun-to-shade

variations, and vehicle load changes.
k. Miscellaneous

In view of the propcsed changes tc the reference system operating
conditions resulting from the studies conducted by the AGC/AI design point working
group, it was decided to re-evaluate the effecis on the system of locating the
rarasitic load resistor in the heat rejection locp. The effects on the reference
system were investigated for sitvations with the psrasitic loac resistor located
between the condenser outlet and the radiator inlet (the HRL hot leg) and with the
parasitic load resistor located between the radiatcr outlet and the condenser inlet R
(the HRL cold leg). The results for this investigafion indicate that the turbiné K
output power would be reduced -by approximately 1 kw when the vehicle load is ‘

transferred to the parasitic load if the parasitic load were located in the hot

~leg of the HRL. Similarly,.the turbine output power would be reduced by approximately

3 kw if the parasitic load.were located in the ccld leg. The tﬁrbine power R
reduction is a result of increaéed températpres in the heat rejection loop which
will cause an increase in the mercury condensing temperature and the turbine back
pressﬁfe.

One method of overcoming the reauction in tufbiné power indicated
in the paragraph above would be to increase the heat rejection‘;oop flow rute so .
that condenser temperatures wculd not increase to the point where turbine power
wovld be reauced when the parasitic lcad is required to dissipate the vehicle
load pcwer. If this method were used withcut increasing the radiator size, a

substantial increase in heat rejection loop flow would be required and an increase

s

ment would entail an inucrease in system weight of approximately 360 1b. In
addition, under conditions when tolerances wad degradations are such that the
mercury pump NP3H would be most severely affected, the available NPSH would De
insufficient for sétisfactory pump operation unless a condenser control were
employed. ’ )
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IV System Engineering, C (cont.) Report No. 0390-0k-17

An additional method of overcoming the reduction in turbine
rower indicatcd proviously would be to increase the radiator size without in-
creasing the héat rejection loop flow rate. Thereby the condenser temperatures
would nct be permitted to increase to the point where turbine power would be )
reduced when the parasitic load is required to dissipate the vehicle load power.
If this method were used, the resulting incréase in radiator weight would be
approximatel§>170 1b. In addition, under conditions when tolerances and

degradations are such that the mercur ump NFSE would be most seriously affected
& 5

* the available NPSH would be insufficient for satisfactory pump operation unless

a condenser control were employed.

A PCS failure and stfety analysis was initiated for the 3PS-

‘design review which was held at Aerojet on 29 July. A suggested study program

was outlined and preliminary results of the initiel efforts towards a ccuplete

PCS failure and safety analysis were presented at the'&esign review meeting.
D.  NUCLEAR POWER SYSTEM COORDINATION _ -~ .

This section covers Aerojet act{};tiestin'the integration of the

nuclear system (NS), vhich is being develoy d by Atomics International under

contract to the -Atomic Energy Commission. -~d the AerSJet power conversion system

(PCS) into a nuclear power svstem (NPS). ae NPS forms a major portion of the

SNAP-8 electrical generating system (ECGS). -

As the EGS Contractor, Aerojet-Ceneral is r@spunsiblerto NAQA for
moniloring the NS contractor to evaluate compliance with specifications and
deliv;ry schedules, and must coordinate, monitor and review, for-che purpose of
control, the NS design snd development to ensure the compatibility and operational
stability of the NS aﬁa-PCS in the EGS configuration. The contractor pfépares
a complete and acceptable integration vlan covering the integration of the NS
with the PCS and development of a reli;ble EGS. ‘

Coordination with Atomics®International is handled by EGS Project

-Office. Table 1 summarizes the AGC/AT coordination activities during the report

period; some of these activities are discussed below, and others are covered

in Section III,C under the GPS.
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IV System Engineering, D (cont.)

1. General Coordination Meetings

»

Project coordination meetings were held zZ2 May and 29 June. The

Design Point Working Group report described below was given AI/AGC managenment

approval at the latter meeting.

A _PS/GPTF Project Engineers meeting was held on 2 June. An

action item list was generated to cover short-term group efforts.

2. Design-Point Coordinstion

On 29 June the Jjoint AI/AGC Design Point Working Group presented -

Report No. 0390-04-17

coordinated design-point selection recommendation to the SNAP-8 Project Coordination

Meeting. This report culminated three months of intensive analytical work, joint

meetings, and data exchange. The details of the analysis and recommendations are

found in Sections IV,A and TIV,C.

3. Electrical Interiace Coordination

Agreement was confirmed on thelregulation of electrical power

to be supplied by the PCS to the NS during startup and normal operation. It was

agreed that

All power supplied shall be 28 v,dc +2.8 volts
Where more closely regulated d-c power or closely
regulated a-c pewer is required for operation of
the NS control system, the power modification or
regulation components will be supplied as a part
‘of the NS control package. )

The suppression of short-term input voltage
transients which could adversely affect the
bistable digital counter circuits used in the

AT controller will require joint solution when
wiring and components become firm. -

Aerojet and Atomics International have reached the following
aéreement regarding the mechanical configuration of the electrical wiring

interface between the NS and PCS:
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IV System Engineering, D (cont.) Repurt No. 0390-0L4-17

a. Ai will terminate its harness in a flexible stainless-

steel conduit like that employed by AGC. It will contain a flange which can be

\welded to a Jjunction box supplied by AGC. This junction box will be located

near the NS and PCS interface.

b. AGC will supply a flexible stainless-steel conduit
between the junction box aund the controls compartment located in the spacecrafz.

This conduit will be sized to house only the AI controls wiring.

c. The AT controls wiring will be Micatemp supplied by AGC.

The size of the wires will be specified by AI.

k., NS/PCS Integration Plan

AI/AGC agreement has been reached on Section III,A of the
plan draft, which covers the conduct and working rules for joint coordination

meetings.

-
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V. ROTATING MACHINERY

A. TURBINE ASSEMBLIES

The order of assemblipg the turbines was changed tc meet program
requirements. The turbine assembly with interstage pressure taps, which will
be needed for detailed performance testing in RPL-2, was given priority. This
completed assembly will be mated with an alternator assembly to form a turbine

alternator assembly.

A tucbine assembly is being reworked to incorporate concentric
seals which do not rest on the shaft during operation as do the floating seals.

This arrangement will be used only during cold gas testing where housing

_ distortions are minor (see Section V,C TAA Test Results). This assembly will

be part of a TAA that will be used for the electrical controls testing using
cold-gas. Only this assembly is scheduled to use the concentric seals. All

other assemblies will use floating seals with the stronger antirotation pin.

The next scheduled assembly will be shipped to LeRC. Following
this, the assembly of TAA, Serial No. 2, will be resumed. This assembly,
intended for PCS-1, was suspended vhen labyrinth failures occurred on TAA,

Serial No. 1, in GN,S-1 tests.

Assembly of the reméining units will depend upon delivery cf inlet

and composite housing assemblies which are to be completed in September.
B. ALTERNATOR

1. Preprototype Alternator

The third preprototype alternator was completed. It incorporatecs

the following changes: (a) slotted rotor pole face, (b) thicker flux yoke,

(c¢) increased slinger radialiéiearaﬁce, and (d) Teflon coating of dynamic seals.-

Slotting of the rotor pole faces (Figure‘52) appeared to have
decreased the rotor pole face losses by 13%. However, the test data were such

that conclusive results have not yet-been obtained.

) - The thicker flux yoke (Figure 33), a field coil havipg a very
low thermal resistance, and secondary effects of the slotted rotor reduced the
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'4: FEP coating applied to the third machine looks very favorable.

V Rotating Machinery, B (cont.) Report No. 0390-04-17
field coil excitation current by 16.5% less than the first machine. Since a 6%
decrease of excitation current was anticipated because of this change, the
additional improvement was attributed largely to the effects of the low thermal
resistance of the figld coil itself. Therefore, in-process control was instigated
for potting thickness, thickness of the copper can, solder f¥1l, and coil
concentricity. This control will reduce the variation in the field coil thermal

K

performance and will ensure a uniform thermal performance on futuie units.

The increase of the slinger radial clearance from 0.010 to
0.017 in. appeared to reduce slinger losses by 25%, based on initial data.
Test equipment and test procedures are being upgraded to obtain better data in:

future testing.

Teflon coating of the screw seals and staticnary walls of the. .
slinger seals resulted,in improved seal performance; however, difficulty in
bonding the Teflon to the parts (i.e., screw seal threads) has been a problem.

A program to détermine in-process quality control and end~item inspection of thet

Teflon coating has been started and should be completed by 1 Sepicmber. e -

An aromatic polyimide base polymer material; S {(developed by
the E.I. DuPont Company), whgéﬁ can be fabri&ated in heavy sheet form, is being
considered to replace the present ceramic, top sticks in the stator winding. -
The SP material has very impressive mechanical and chemical properties and will
be most effective from the standpoint of reduction of installation labor and
increased reliability without sacrifice of péfformsnce. This material will be
incorporated on the fifth preprototype alternator for evaluation, and on i

prototype hardware pending the results_of tests.

2. Prototyﬁe Alternator

ﬁesign and drawings are 95% complete snd drawings are released -

Tor fabrication.

Development of weld joints and weld specifications is 85%
complete. These welds involve welding heavy sections of Inconel-X to 304 83

end-shields and HY-80 to 1018 carbon-steel frame.
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Ten design reviews were held at the manufacturer's plant.

et} £ B

In attendance were engineering, manufacturing, materials, quality assurance,
§ reliability, and drafting representatives. Two meetings were 27co held with

Aerojet engine=ring personnel to ensure close coordination “n the prototype

alternator design.

A fully equipped’ clean room, with laminar flow wall and particle

~count ccntrol, is in operation at the mauufacturer's plant.
C. TAA TEST RESULTS (COLD GAS TESTS, SERIAL NO. 1)

The first test series of the turbine-alternator assembly on the
GNZS-l test stand was completed. Primarily, the test objectives were to
oo Savestigate the mechanical integrity of the TAA, the adequacy of the

lubricant -coolant system, and the performance of *he turtine and alternator

using gaseous nitrogen as the working fluid.

v

To accomplish these objectives, thre: significant tests were run. - Iy

The first test (Test'No. D-5~R-3) was run for startup and steady-state B oL

.
ot Ry

characteris®? :s at the ncininal operating speed of 12,000 rpm. The duration of

| J% the test was 1 hour, 16 min. *The second test (D-5-R-5) repeated the previous ‘
] one énd, in addition, included various inlet temperatures of the Mix LP3E to o -
-7 determine the effects on the lubricant-cdolant éystem. The duration of this‘
% ) test was 2 hours. The third test (D-5-R-8) included a vivration survey for
the range of speeds from 12,000 to 15,000 rpm and a peak élternator load of
; 53,4 kw at 12,000 rpm. The duration of the test was 1 hour, 50 min. Tae ] e

total accumulated test time on this TAA was 5 hours, 29 min.

[P,

Test No. D-S-é;g %as run with nitroger supplied té the turbine S
inlet at a pressure of 77 psia and a temperature of 553°F, and exhausting E
42 to the atmosphere at a temperature of ?OQOF. Under these cnnditionse the :f ":“ -
alternator load needed to produce 12,000 rpm was 1?15 kw., Calculated ’
] performances from the data, which takes into account the aécuracy of the . . -
instrumentation, resulted in a turbine efficiency of M4 +3%, compared to.a . ) b

- predicted 47.5% and an alternator efficiency (unity power fa@tor) of 86.6 +7%.

- v
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v Rotating Machinery, C (cont.) Repor* No. 0390-0L-1T
By extrapolaticn of the altermator acceptance test data to 13.5 kw, the indiczted -
efficiency would be Th%. This discrepancy batween effi:iency valuaes of the
alternator was due to the large influence whica variations in bearing and siinger T m—
losses exert when the output power is low.
RBearing and heat exchanger data are given below.
iniet Flow Outer Race _ Bearing a:id Slinger
__ _lb/hr Temperature, ~F Losses, kw E
Nominal . Nominal - Nominal
Bearing . Design Test Design Test Design Test
Turbine Antidrive ~ . - 200 21 250 263 0.86 0.70 —
urbine Drive - ° 200 - - 200 250- 258 0.86 0.39
Alternator Drive - 200 15% 250 - 270 0.86 0.49
Alternatér Antidrive = 200 192 250 2710 0.86  _ 0.65
-7 Space Seal '— - Alternator
A Heat Exchangor .- Ccolant System . .
. Unit - - - Nemipal .°+¥  Hominal ] :
‘Measured . Design Test - Design Test -
- w, Ybfar T 1606 1335 1600 .1300 z .
L2, psi . - 20 T 8.7 6
T Inlcc, °F -2100- | 230 219 230
atr, °F L9 - ] 5 4.0
L. . i . : : i . ’ r
During the test it was i‘ound that the t<-st equipment lubricant-coolant
_ covler was unable to provide an inlet teuperature below 230°F. Since the -
nomingl} temperature is 2100F,, the excess temperature affected bearing outer race
temperatures and bearing and seal losses, increasing the former and reducing v
the latter.. The cooler flow piaths were interchanged and satisfectory operation
was ot ained on subsequent tests. 3y
- ) . -Page Y-
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The only deviation from nominal operating conditions was found ir the
space seal heat exchanger. Waen the recorded pressure drop was corrected to

nnminal flow and temperature. the pressure drop would be 54 psi instead of the

. B BN

20 psi expected. This condition was felt to be unique to this assembly since a
flow check of the TAA, space-seal heat exchanger with MIL-H-4606 o0il, and

corrected to Mix LP3E conditions, resulted in a 17 psi drop.

Test No. D-5-R-5 was run under essentially the cams-conditions as
- before; but, durirg the tést the lubricant-cnolanti inlet temperature was varied
5 from 187 to 220°F. Calculated efficiencies for the turﬁins and alt=rnator were
51 to 52% and 75 to 63%, respectively. From accepiance test data, the extrapolated
value of the alternatcr electrical efiiciency should be in the range of 88 to 91%.
In calculating the test value, the temperature rise of the coolan: across the

alternator is used.- In thié test; the varying inlet temperature of the- coolant

N

s

coupled vith the large he=t sink of the alternator mass probably wa: responsible
- for inaccuracies in determining the temperature rise of the coglant. A small i -

error in measuring the temperature rise has a significant effect on the efficiency

R

calculation. - ) e

N Bearing outer-race temperatures and bearing and slinger czeal losses

v e
‘

for Test No. D-5-F-5 were plotted as Figures 3L and 35, respectively.

Data xeiuctionlgnd analysis of Test No. D-5-R-8 is in procsss and a

.

report will be issued in the next quarter. . Preliminary analysis of rew dats

i indicates no abnormalities for the high-speed or high-power run.

— " During the test series it wou 1% possibie ﬁo_obLain indications of
i © ‘axial movement of the tu{pine by varying the pressure acfoss the baiance piston;
The determination of balance-~picton.size will have to be done duriné_mercury tésts
] where a grester differential pressure exists than is true with the use of nitrogen.
g The only mechanical discrepancg which occﬁfred dur‘ng the nitrogen
tests was associated with the floatving laﬁyrinth seals. after Test No. D-5-R-5,
a partial disassembly of tﬂe TA on the test <tand showed that the antirotation

- pins (0.060 in. roll pins) which restraih the balance piston seal had been sheared.

[N

Also, the Spirolox retaining ring had been displaced frcm its groove, unwrapped,
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V Rotating Machinery, C (cont.) Report No. 0390-0L4-17

and found to have rubbed the leading edge of fhe 11rst-stage turbine biades:
Wear had occurred on the balance piston seal inner diameter and the piston
outer dismeter (Figure 36). The TA was reassembled with solid pins instead of
the roll pins, snd testing was continued. Upon disassembiy following Test

No. D-5-R-8, all of the antirotapion pins {roll piné) were found to be sheared.

The solid pin replacements for the balance piston seal were intact.- -

Inspection of the hardware reveai~d that the contacting diameters
o;,the seais and shafts,yere worn. Tne weary cpnsisted of abrasion and tearing
of the metal surfaces {Figures 37 and 38). The wear on the inﬁer diameter of
the ceals was evenly distributed circumferentially. Discoloraticn of the metal
indicated some high temperatyres were obtained, which led to thérmal craeking
at the bottom of the antirotation slot (Figure 38). The degree of wear of the
intérstage seals was observéa to- be mere severe ast%he overhang distance of the
sesl increased. In order of increasing overhang distance, measured wear of the

fourth, third, and secoad 1rterstage seals were O, O. OOo'anh 0.012 in., respectlvely

—

R The high temperatures generated also affected the curvic coupilngsl
Thermal expansion of the hubs from the *rlctlonal heat produced excessive ax1al
loads which resulted in yielding of the: tooth material along the line of contact.

Functioning of the aoupllngewan not impaired.

\

= " From the"aped ri/,rd of the vibration nlckups mounted on th"TAA .
it was found thet during startup and especxally shutdown, a slgnal was generated
(around 1000 to 1200 eps ). During these transients there was little if any
diffefehtiél pressur2 across the turbine stages which would cause the seals to
>be_pre5sed against the héusings vhere frictional forces would ctend co- damp out
motion of the seal. In the absence of this»friétional damping force, the ringé:
in contact with the fotating shaft are excited in such a way that the ring is
Vchked uﬁ‘and whirled by the shaft. This motion appeared to be p0551ble w1th
or w1thout the antirc*ation pins since the replaced balance piston seal exnlblted
vear evenly distributed circumferentially, and the solia plns were 1.0t shearedﬂ—

nor demaged.

The labyrinth seal, test rig was run with a balance piston Buildup
to determine the _fect of differential pressure. With no AP, an audible y@bfﬁtion

was present whici disappeared when the AP-was 1néfeaséd to between_z and 4 psi.
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7t was d=zcided that thls probiem would not be severe in mercury testing
vhere higher differential pressures cbtain as contrasted to the nitrogen tests where
lower pressures prevail and tect termirztion is accomplished by suddenly teimirating
nitrogen flow. For all mercury test urits, a desigh change was initiated to replace
the roll ::xins with larger and stronger solid pins. In the case of the cold gas elec-
trical test unit, where themal and pressure distortions are small, the seal rings

will be closely fitted into +heir housings and.held concentric to the sheit to awnid

any contact auring operation.

-Metalilic particles heid by magnetic attraction were found on the alter-
nator assembly spline end of the quill shaft. Other small particles were found in
the alsernator interface cavity. These particles were identified as weld =platter,
machining chiﬁs, and scale. Analysis of the particles gave their composition as.
iron w{th a small amount of nickei. It was concluded that,;hese particles were from

locations in-the alternator which are difficult ﬁo clean, and were released during

TAA testing. . : : . , p
D. BALL BEARING AND LUBRICATION SYSTEM

1. Material and Bearing Procurement -

a. Material )
A total of 394 1b of AISI M50 steel var, 3-1/k in—dia, was

received from Latrobe Steel Co. The material was initially air melted, then vacuum-

remelted three times»dsing the corisumeble electrode Drocess.. Latrobe's test certifi-

cate qualifies. the material for Type I, Class 2%, M50 bearing steel in accordance
W th AGC:Specification AGC-103"-. This material is intende.-1..-PCS-l and PCS-2
(-1 hardware) ball bearings.

b. Bearings

~

Requests for quotation were issued to six bearing suppliers
for the manufacture of 20 bearings P/N 095355;Bearing Assembly,'Ball-Angular Contuct
(-1 Model) to AGC Development Component Specifiqation;AGC-lO206, Amendment 1, dated
- July 1965._ These bearings were intended for the Radiation Endurance Ball Bearirg
Test-?rogram. - -

Also, requests for quotation were. 1ssued for the manuiacture'
of ’h TAA bearings, E/N 095355, and 16 Hg PMA bearlngs, P/N 095306 _These bearings
are intended for use in -1 hardware, PCS-l-and PCS-2. N
e e Tﬁe"Barden Corp., Industrial Tectonlcs Inc.. and Marlin- -
Rockwell Corp. Pive submitted bids which are currently being evaluated. One»of the
six vendors requested additional time whick could not be grantgd because of the
schedule, and two vendors declined to bid. )
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2. Lubrication System Development

A series ¢T lubrication system performanée tests was conducted
with the Model B Seal and ILubrication System Simulator{ The objective of the
tests was to determine lubricant and bearing performance chaiacteristics under
simulated SHAP-8 TA operating conditibns, except for the nuclear radiation. The
tests were run at 12,000 rpm with polyrhenyl ether tluid (Dow Chemical ET-378).

The bearlng installation, the spring preload arrangement, the
lubrlcaut 1n3ect101 components, and the oil slingers in he Model B Test Rig
gimulate the SNAP-8 TA configuration (Figure 39). Each bearing is axially
preloadea to 60 1b, a3 in the turbine assembly. No additional thrust load was
applied. Radiai loads on the bearings weve nominal, since the total weight of

" the zctorfaséembiy is only abouc 17 1b, and dynamic imbalance-was negligible.

A1l tests were run with the shaft axiglhorizontal.

. A schematic diagram of the test rig luﬁri%ation system and the

primery instrumentation used in tke tests is shown in Figure 40. All instrument -

!

sensoxrs and recording devices were either calitrated cr checked for calibraticn
validity prior to tpsting.* Each of the variable-zrea tyye flowmeters was calibrated
vith the ET-578 fluid at” 175, 21C, and 225 F.

¥ n T
~’ xyx!"

3 T o The conurolled variable parameters for the tests vere as follows:

oy
N\

—_— - : : Lubricant inlet flow, per bearing:‘ 120 to 400 1b/hr
: Lubricant inlet temperature: 175, 210, and 225°F

~Slinger;discﬁ’arge pressure: 2;5 to 20 psia

A tctal of 31 1nd1v1dual tests were performed . The majoritv'

- @
o -
m. ey u,«n

of the tests were made at the TAA design values of dOO lb/hr 1nlet flow rate to
each bearlng, 10 F inlet temperature and S5 psia sllnger dlscrarze nrecsi 'evj*“““""‘”_"

L= Satea Pl

- ~A typical run ccnsisted of establishing. a-specific 1n]et tempevature and a

'

|
|

i

,’@ischarga;pressufé; and then recording the foilowing data. over the specified

inlet flow range:
- Lubricant inlet'pressuresv

Bearing outer race vemperatures- - - B

Slinger discharge Tlow rates - <

- -_
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Slirger discharge temperatures
Bearing cavity pressure

Deceleration rate of rotating assembly

Total inlet flow tc each hearing vas assumed to be the sum of
the two corresponding slinger discharge flow rates. Three decelzration tests at
zero inlet flow were also run to determine the fixed power losses in the rotating

assembly.

The test data related to tne "turbine-end" bearing was reduced
and analyzed. The lubricant injector ring for this bearing is identical to )
the rings used in the TA (i.e., three 0.040~in.-dia Jjet nozzles, equally spaced,

with a jet spray angle of 20° to the bearing axis).

Figure k1 shows total iniet flow rate vs absolute pressure
measured just upstream of the lube injector ring. The bearing cavity pressure
durlng these tests was less than lmm mercury. At the design flow .rate of 200 L

lb/hr, the data show an 1nlet pressure requlrement of approx1mately 19 psi

The lubricant throughiflow of the bearing is p¢otted against

the total inlet flow into the bearing shown in Figure 42. At design bearing

~inlet flow, nearly all the lubricant apparently passeg through this bearing.

In Figure 43, the same data is plotted as per éent bearing—through-fléw vs total
inlet flow. Here the data indicate some sensitivity to slinger discharge pressure,
with a more clearly defined "optimum" inlet flow. at dxscharge préssures just
belcw the d°s;gh value of 5 ﬁsia° However, because the flowmeters used cannot
register extremelv low values cf flow, the date shown in Figures 42 and 43 should
be 1nterpreted as 1nd1cat1n# a trend rather than as defining absolute values.
This, it appears that the design inlet flow rate of 200 lb/hr is close to the

optimum value in terms of proportion of flow through tne bearing. When the

limitations of the flowmeters are considered, a bearing-through-flow of 8Q} I

to 85% at design inlet flcw appears to be a conservatlvgfeqvlmatéf/

Figure hh shows the outer-race temperature of the turbine-end
begring«as”a'fuhcfidn‘gf,bearingfthrough-flow for three lubrlgant inlet temperatures. .
At the design Qalues of 210°F and 200 lb/hr/beariﬁg lubricant inlet, ,_che race
température was about QSOOF. Figure 45 ic a cross-plov of the same data, showing .~
race-temperature vs lubricent inlet temperature fos 1ree dlffnrent inlet flow

rates. . }
- Page V-9
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V Rotating Ma~hinery, D (cont.) Report No. 0390-0L-17

Several tests were performed to determine the relationship
between slinger discharge and lubricant inlet pressure 1n terms of the point at
which the bearing cavity beczomes completely flecoded. A+ a set value of inlet
pressure, the slinger discharge pressure was progressively increased unt1L fuil
flooding in the bearing cavity was detecued by sensing a sudden temperature rige

in the normally void space between the two bearings. PFigure 46 shows 3 relationship
of the lubricant inlet pressure vs the slinger discharge presazure a* wkich complete
flooding of the bearing cavity occurs. At the lubricant inlet pressurc of 19 poia
(pressure requ{red for flow of 200 lb/hr), the slinger discharge trressure, for
complete flooding of the bearing cavity, is approximately 17 psia. Because of

the prototype configoration of the bearing and seal asssembly, nc direct measurement

" of bearing cavity pressure was possiblé tc determine precisely the pcints at which

complete scavenging exists. However, previcusly reported data (RcFference 3) shows

*. that well~-scavenged bearing operation occurs at slinger discharge pressures below

10- psia. Those tests were performed on the Model A Seal and Lubricat.on System
Simulator, which contained a bearing anl:. seal arrangement similar to that of the

TA, exceﬁt tliat the bearings were 35 mm. The data present relatively clear

_ evidence‘that, at the design slinger discﬁérge pressure of 5 psia, the bearing

operates nonficoded over a wide range of lubricant inlet pressures.”

Tpe,deceleration;peé%s:were perforﬁed over the test range of
*slinger ddischarge é;essures to estimate bearing-and-slinger power loss by means
of the-inertia method. Total losses at zero inlet flow were subtracted from.total
losses measured with approximately the same flow rate to each bearing. The net
pover loss for two bearings ‘and four slingers is plotted against slinger discharge

p*essure in Pigure 47. The nominal lubricant temperature at thi inlet was QlOOF.

" At the design discharge pressure of 5 psia, the estimated ‘net loss is about 2. 3

kw. With no intermediate data points, the path of the curve between 10 and 20

psia is not defined. This is the transition region from svavenged to flood=3 -

bearing operation. ~

3. Bearing Test Programs
a. Ball-Bearing Enduzance Tes+ Program Using M-50 :
. Bear1ng Meterial ‘ } L oe

Two lO-bearlng<groups of 309 bearlngs havinq inner rings

of second and flfth consumable electrode vacuum remelted (CVM) M—5O steel,

Page V-10
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- respectively, were previously endurance-tested av the SKF Industries, Inc.
Research Laboratory uvsing circuiating mineral cii lubricaticii. These tests
‘ were reported in Reference k. Because of the relatively short lives of these
two groupe of bearings, SKF Irndustries completed additichal erdurance tests cn
bearings made of the firs. CVM remelt of the same-heat of M-50C steel to verify
the fatigue strength of the basic M~50 heat used in the monufacture ¢f these

bearings.

The “tests were conducted at 9700 rpm under a vadial

N

load of %240 1b (C/P = 2.15), and the test bearings were splash-lubricated with
circulating Socony Mobil DTE extra-heavy oil suppiied at a rate suff.cient to
méintaip\the operating temperature at 2100F. In these ‘tests the bearing operating
é temperatﬁres were recorded at 6-min intervals by an'IBM 1710 data-logging:cystem.
5Du%ing éb@ut one—thirdfﬂf this bearing testing, lubiiéant-out tempe:aturés were

i also monitored by the IBM system while the lubricant-in teﬁperaturés and ‘flow

o " rates were manually recorded at 8-hour intervals.

; 2sting has been completed, snd five inner ring fatigue

Tfailures were experienced at lives ranging from 2L.2 to 122.2 million revolutions.
R ' Testing on one sp-~cimen was suspended a2t 39.5 milliocn revolutions because.of
suspécted interaction of a failure on a nontest element wit@ a failuregon the
test specimen. The maximum likelihood technique yields an estvimate of LID = 297
“million revo?utione . compared to thergg}igg@ggleol;_%15”millian—féVuiuﬁions"Tbr

the first remelt M-50>bearings.of another heat of steel tested previously under

Lty ok

identical conditions. Also, another heat previously tested under slishtly o -

different test conditions had comparable endurance to this latter test.” It is

~ now apparent that the endurance life of the vpresently tested heat of M-50 steel

is much lower than expected.

Py

In an attempt‘to explain the relatively poor endurance °
lives of this heat of M-50 steel. as exhibited by the above group and the two -
? z - vgrgups reported previously, alloying element analfses were conducted and compared
I with previously tested heats of M-50 steel.. The results of these analyses are
i detailed in Table42, together -with the accﬁracy 1imits of determiﬁaﬁibn given byr

' the analytical-laborator&, The only elements in which the, poor heat shéweq 3,
; i © ~ clear difference over the two previous heats are nickel and aluminum (voth )
v considerably higher). » o : - N :
| ‘ ‘ Page V-11 ] o
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V Rotating Machinery, D (cont.) Report No. 0390-0L-17

It was previously determined that a trace element Index
involving aluminum, ¢opper, vanadium, nickel, and molybdenum cculd be used as
a quantitative measure for those clements found harmful to the fatigue life of

52100‘3£eel. Since moly%denﬁm and vanadium are intentiﬂﬁally added alloying

“elements in M-5C steel, a trace element index containing only aluminum, copper,

and nickel cduld be used to measure harmful trace elements in these heats of

M-50 steel. Table 3 shows the caleulation of this index. It has a value
zpproximatﬁlg 7.0 for the "poor" heat and 4.0 for both "good" heats of M-50.

If the material were 52100 steel, it would be reduced by a factor of approximately

3 cémpared to the "good" beats. Actually, the reduction factor foun&‘;xperimgntally

is closer to 5.

- It must be borne in mlnd that thne trace element results are

not proven to be appliceb’=z to M-50 steel. ¥Fu .r, the life estimates for t&e

groups of 10-bearings are not as reliable as for larger groups. Strll, it appears
reasonable to assume that the relatlvely hlgh aluminum content and perhaps -the
nickel content:of the poor" M-50 ‘heat is w causative factor in the reduced

endurance life of this heat -of steel.

In addition to evaluating the solid element contents, gas

anslyses.were also performed on samples from the two first remeit M-50 "good"

‘heats and the Tifth remelt "poor" heat. The results of these determinations as

-given in Table 4 show thevre was no sigpificant difference between the heats which

could lesd to a difference in inherent fatigue life. -

Based on the additional tests and the analysis, this

program is being redirected to perform further testing with bearings made of

‘steel’thét has the alloying elements (especially the nickel and the aluminum)
‘and the gas content of magnitude comparable tc that of the "good" heat of steel
as gh~m in Tablgs 2 and k.

b Endurance and Wear Ball-Bearing Test Program as a
L o Function of Vacuum and Radiation

Two- hundred and fifty pounds of test oil, Mlx hvBE was
received from the Shell, Gii Company. v Py
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V Rotating Machinery, D {(cont. ) Report No.. 0390-0u-17 =

Conceptual layouts were completed for a two-bearing tester
and a four-bearing tester. Evaluation of the two layouts was made and the four

bearing tester design was chosen for technical and economical consideraticns.
This program was stopped during the week of 29 June 196L.
E. PUMP PROJECTS

1. ~ NaK Pump-Motor Assemblies.

a. PMA Performance Evaluation in the NeX Simulaticn Locp (NSL)
(1) Motor

Phase I testing in water, as described in “be preceding
quarterly report (Re ference L), was started. No-load test results, skown in Figure
48 indicate the canning effect (can power loss) was lower than the calculsted value.
This Zoss reduction was attributed %o the higher can resistance resulting from the

- stator can. thlckness belng reduced,when expandlng the can intc the stator slotan
- The electrlcal loss segregatlon Figure 48, is based on the determination of the
motor hydrauli:z and friction loss, The preliminary evaluation of the data indizates
the detgfmination of this loss may vary by i;O{. A rofor(deceleration test will
~Help to establish a more exact motor hydraulic loss in water which will then be -
‘used to finalize the no-load saturation test results. The determination of the
“can losses in water is necessary to determlne the motor performance in WaK, s;rce

can losses do no* change w1th the fluid in the rotor gap. ‘ . ~

, The results of the torque-speed calculation in NaK
based on 1n-a1r test results (Flgure 49) indicate a maximum- startlng tcrque ) i
‘available of 23.6 in.<1b. Torque values from tests on a wet but nonwater Fileel
unit were approximately T to 10 1n.-lb 1nd1cat1ng sufflcwent margin for full

voltage.llne startlng

e T . ) 'The in-air’reduced volvage and frequency test
results, Table 5, indicate fhaf\motof’torque may be as low as 3.7 in.-1b at a - -
rotor temperature of SOOC or 5.25 in.-1b_at a rotor temperature cf 200°¢. The
corresponaing torque in NakK may:be as high as T7.25 in.-1b. The high starting
tcrque'of the PMA was,expected to be reducéd with the bearing modiflcat;on
discussed later; therefore, reduced voltage and frequency testing in water and- -
NaK wilk be performed to detvermine the minipum starting nower requirement of the

PMA.
Fage V-13 -
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V Rotating Machiucry, F (cont.) Repert No. 0390-04-17

(2) Recirculation Pump

Thase I testing of the HRL NaK PMA recirculatien
system is nearly complete. Test objectives for>Phase I testing were to determine

the head-capacity performance of the pump, the minimum NPSH requirement, motor '

rotor thrust V§5;h%eﬁéﬁfflow, motor hydraulic losses, the effects of canning the

motor, and the segregation of zlectrical lcsses.

i

[REL N2

Pieliminary evaluation of Phase I test results indicate

that the recriculation pump can supply to the motor the required flow at the design

i
¥

(_!}q‘s,g..-.‘ BB 2 ,m!rmﬁ.'"«ﬁatm"w e TR e a0 e WOEEE e DR

point pressure rise. Fagure 50 shows the head-capaciiy curve. An orifice will be

A
FE

installed tc match the iecirculation pump and system at the primary and HRL FMA

*

o

design flow rates.

E N IREREJONY
R
B
i

The NPSH tests pe"formed on the recirculation system

show 45 ft NPSH required for. the motor to avoid cavictation and assoclated 1nstab111ty

I ITIRE | N RPN

3 el

The recults of these tests are not con51dered to be final until th J.can be‘
Q, ég > compared to the. results of the NPSH tests on the -main impeller. ! ’
K !Z . - ) T?e motor rotqr gap pressure drop is shéwn Sh Figucre
51. The curve shows the theoretical pressure drop for fluid flowing through two
= smooth concentric cylinders. The dlfference between calculated and tested values.
v - results from: (a) an increased flow ares in the expans1or slots from the cannlng A
operatlon, and (b) the disruption of the peripheral fluid velocity resulting from

the slots.

;‘ R o (3) Bearings ; .

E L Upon completion of thé pump motor loop installation
‘“ & and fllllng, several unsuccessful attempts were made to start the HRL NaK motor.
' " The problem lay in the bearing pads and thrust rummer. The extremely -fine surface’
l§ S riinish (petter ‘than 1.5 rms) and surface conformity of these parts were "wringlng"'
) ) (gage block effect) %o each other which caused the bearing pivots to act 25 wedges.’
f !% © '~ This wedgirg ceﬂdition, offering a hig mechanical advantage, ampllfivd thp . LT

wringing load 10 to 20 times. This ection caused & bearing starting t:rqne that ;EQN
meesured in excess of 150 in.wlb. Since this torque was greater than the 18

in.-ib available from the motor 1or cold starting, the motor would not start.

{ Tt waTé determined that ohce rotation had been gcocomplished,; the shaft ro!ated

1



V Rotating Machinery, E {cont.) . Report No. 0390-04-17

c and spun freely. The conclusion reached was that the assemuly and handling loads -
caused the curfaces to "wring"” together when in a ciean dry state. Once the

surfaces were separated and kept immersed in the lubricant, wringing did not

occur.

§ co In an ettempt to reduce the wringing action, the
thrist pads were liquid-honed with 100-grit Alundum to roughen the surface to

i 10 to 14 microin. rms. The lijuid hone did ot produce the degired surface

condition, but did reduce the wringing action. The bearings were again cleaned

and the surfaccs-were coated with cucoa butter for improved frictional

! ~*characteristics. The test unit has since been started more thar 50 times and

operated for 40 hours with several long periods of inoperation between starts.

; ) Additional comments will be found in the design section.

'
o

b. Fabrication o 3

(1) Motors ‘ :

., % o ’ . The first machined HRL motor hou51ng was reﬂelved
' and had an inorgenic wound stator installed. The fabrication prccedure was -
‘,5} T followed by_poetlng, curing, and insulation burnoff orf the stator prior t6 ) -
o ' forming and connecting the power leads. The forming of the power leads after
- ; burnoff caused a problen where the power lead wire insulation, because of
’ ”§ ‘ burnoff, was too-brittle to form and flaked ofi when making connections. The
) fabrication procedure was changed‘ .o al’o& for connecting, forming, and welding
;? of leads prlor to burnoff wh.le the insulation was still res111ent lerminals
) prenared in this way have been +tasted at furnace temperatures up to 1000 ¥ for
i 500 hours to substantiate the ability of the terminals to withstanc the birnoff

: ' procedure without detrimental effects. . -

¢§ ' ) - Nhe stator assembly was canned, welded (hermetically:
sealed), leak tested and found acceptable. The fir:zi attempt to can the -X

ML (organlc) insulated stator resulted 1n the collans1ng of the stator stick heeid
because of excessive colgmn,loading due to the expansion process. The 1norganic

stato} is’éohsiderablv more rigid because the potting insulation coﬁpound with a

[—

o hlgher compressive strength.filled all voicls and better supported the ‘stator

. teeth. This eliminated can collapsing. ]
% P ' o page V-1
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V¥ Rotating Machinzry, E (cont.) » Report No. C390-0u-17

Afier a second atremdt tc can ihe -X stator failed,
a decision was made to drcp rurther _canmning aiios pts of ihe ML-insulzled staior.’

- The organic insulated stator was in*ended as a backup io the inorgaric insulated

stater.

the can to the rotor. The interferemce fit r eq aired the can to be heated and
car=fully- guideé during assembly v avoid contsc. with the rctor, beczuse rapid
heat transfer from the thin can would promoie s "poot-strapping” effect and

shrink the can premeiurely, even during a momentary corntact.

Aercjet is a pereliel effort initiated & canning
progran Aftér the pfoperl technique was vworkeé out using radiant heating-and

. proper tooling, Lwo rotors were succeSs'fully canned. The first roicr (usj_’;g

a2 scrap care) was the deve]apnent model for ueld.ng. ‘]he mcdel was used 1o .-
develop the welding techm.que for hermetlr- sealmg “of ‘,hﬂ rior The next ‘

rot’:r proceeded througi: thls fabrication nv'cce.«_,e wlﬂxout incident and was

prepared for assembly. Ce T

TR - ' Several canned rotoxrs bemg prepared ‘or leak

feétiﬁg Were found to leak in the en@ ring to the sleeve weld. Dye penetrant
¢heck of all rotors showed‘fiv'e_: to contain pemetrant indications. Instructions

vere given for weld repair~ : T : .

- o z (2) Pumps )

7_,// V - Seve1;a1 pr:unary PMA pump castings wers weld
repaired and radiographed. - Five were determined to be <alvagea'ble by grL ding

' and “further welding. The first article inspection was completed a..q two eaotlngo
were‘ sent to the»jin;chinlng venror for further fabricatior. The casting vendors ~
_throﬁgh weld repair and changes in casting techrique have produced acceptable
casfings, thus eliminating the problem. The first primary pump'hdusing éssembly
has been received and accei:ted. The remaining -astings have been delivered for
machining. ‘

= o The HRL castings\have been delivered for machining

after weld repair of the castings.

- Page V-16

A vendor was unsuccessiui in twc attierpis to assemdle
ed




(] ]
\
.
1
.
1

¥ Rotating Machinery, E (cont.) ) : Report No. oy0-0u-iT

\

c. Assembly

- . Assembly procc.ures, parts lisits, and drawings Tcr the
HRL mGtor assembly were completed. Tae -X assembly instructicns wers completed

a2nd reler~ed or the assembly of the HPL -X Model Foir BSL *ssting.

JZ OD2 [ T e o Dipm Pow minor modificarions o s

f
M
=
3
¢
f
<
@
¥
3
It
b
(4]

a. Design

‘~ (1) Motorx

g . . The a.sembly the 481 pump moior 2ded without
] During the instaliation of the first primary
i’ winding, the lower end turn rubbed the siatcr housing wall in the aree where
: the coils leave the siack. The primary PMA ho uaa_ng ez1g1l. was changed by
- ; mannlnlng a larger end turn annulng clea*ance. .
- . (2) esrings

A review was made of the bearing design. 4s a

result of the startirg ‘difficult ty covered in the PMA Derfurma'ce evaluation

- section, the tn*u,, beering was mcdified. Since the basic problem was the
wringing of the thrust pads to the runner, it was décided tc prcvide a
unidirectional crown on the thrust tearing surfzace which would elimipé%e the

wringing tendency by removal of surface conformity. As & matter cf manufacturing =

expediency, the crowning effect will be accomplished by grinding a radial taper-

of 0.00015 in./in. on the face ofvtge thrust runner. The thr.st pads p051t10ﬁed

on the coned runner will have line contact at the pad center and a crown of

shoe plane is taugent to a cone on one line.) The bearing design medification

does not compromise th; load-carrying capacity of the bearing. A design

mocdification was mede to- the thrust bearing which consisted of adding an i
antirotation pin to the bearing housings to prevent rotatic. of the bearing [

back plates.

(3). Additional Design Modifications

: Radlal"noles were located in the annulus between

the outer sealing cans and the interral fiow passuages to facilitate draining

-

cf the PMA,
N Page .V-1T7

I .15 vo 20 microin. at the leading and trailing edges (Noté: In effect, the




Ry

b

- 2

o

[l ST L PR ALLE WL AT TR IS

P PR DR BB s

ot

BN

W o

e ok

LR ATy

e

|., "o

E

-

- oy

B

(4

0

'

¢

tone test stand.

V Rotating Machinery, E (cont. ) - Repers No. (390-0L-17

e. Test Planning

Tre fabrication cr the NSL (water test locp) was zompteted.

After leak +=sting of ihe loop, -the ~X HFL pump mctor wes installed, and Phase I
testing - asg covered in ‘ke lasthﬁérterly - was begun. Testing resultis are
covered in the perforzsnce < maluation section. ﬁpon completicn of Prase I testing
(95% compiete), the -X unit will be removed Tiom the NaK simulatinv lcop

It will tt=n be disassembled, inspected, ¢nd reessembled witn tThe ma2in pump.

_Phase II testing will then proceed.

. Mereury Pump-ﬁbtor Assembly

a. Design : ’ =

Assembly of the first aercury pump—mctor ac-embéy was >

completed on 19 June 196k; the unit was than celivered to IML- -3 and mcunted ~n
This PMA is & fully instrumented version that includes
pressure 'pickups in the buﬁp hocsing, enabling pressure profiles and thrust lozds-

to- be determined.

No serious problems were encchntered durlng assembly of
the unit. Actual dlmen51ons for runouts, eccentricity, etc. wb}ch were taken

during assembly indicate the follow1ng clearances:

Impeller -front vane: 0.012 in. during cperaticn

Impeller front .ane: 0.010/0. 01k in. at rest

Impeller back vane: 0.008 in. during operation
.- Impeller back vane: O;OIO/O‘Olh in.-‘at rest )
- Molecuiﬁr/visco pump: 0.002 in. mirimum
Molecular/visco pump: O.004 in. paximum

rotor eixr gap: C.009 all arcund

Assembly of the second unit was ccmpleted c.. 1! August.
This unit is presently scheduleu for PCS-1. Clearances for this PMA were
similar to those measured f, the IML-3 unit.

"~ Page V-18
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these units has beern delivered, with the excepticn ¢f iwe moicrs and one

instrunented pump housing.

o

b. Motor

Modificzaticns were made To provide a stanézrd MS ferminal

.
b g =

block attached to the end cap of the motor. Poiver leads ars weld:d o the stud
on the hermetically sealed terminal, the-cther end bheing attached ic the terminal
block. Thus, the possibility of Jamage to the hermetic seal is minirized when i

making terminal connections.

- c. Pump . 1 -

The Jet pump test repert for coid mercury Overation will

be -eleased by the end of August. :

d. Seals . 5

- Delivery of the first mercury Gischarge pressure-actuated
liftoff éevice was-—scheduled for mid August of l96&. This unit will®be ins*alled
in the PMA for PCS-1, if convenient. The balance of five pieces will be delivered

later in August.

- A design has been completed for Tefion-coated elements .
for the LP3E dynamic seals. The antiwetting effects with Teflon coating have B ’

been established by dynamic seal testing. - .

A modified seal housing design and :naiysis with an
increased radial gap is in process. This design ihcludes a helical grcove in ;
the stationary as well as the rotating members of both the molecular and visec {
pump seals. The net effect is egpected to be the same leakage rate as without .
the stationary helical greove; however, the larger clearance would b advantageous
from the standpoint of machining tolerances, eccentricities, ~ase of assembly, L —

and likelihood of rubbing during operation.

Page V-19
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V Rotating Machinéry; E (cont.) Report ¥o. 0530-0u-17

e. Motor Scavenging

The detail drawings for the moter scavenging sl ngers and
the sealing elem:nts have been amended to include Teflon Zcating, as menticned
previously. This design is presently in“tﬁe reiease cycle. This scavenging
kardware will be included in later units.

. Tes*ing

Apendments have been wsade to the IML-3 Test Reguest to

inciude a requirement for preheating the mercury PMA pricr to rotation to assure

. adequate oil flow thirough the bearings for initial rotaticnal testing. This and

otker minor amendments are included in Amendment A, of Test Request No. 355 /6L-0008.

It i. not intended to make this a standard -ystem cperating requirement.

3. Lubricant-Coolant (L/C) Pump-Motor Assembly

- a. Test Pianning and Evalua*tion

The L/CiPMA development test unit was assembled in
accordance with the requiréd assembly -and test procedures. The unit wes ‘ : _
cperated successfully at rated design conditions for the first 500 hours of the

10CO-hcur endurance test aﬁd then was disassembled and inspectad..

The results of the 500-hour test inspecticn févealed no
measurable wear or unusual msrks. A compariscn of the "before” and "after” test
dimensions indicated no measurable changes. The unit was reassembled, placed
back ou-teét, and lett tc complete the remaining 500 of 1he 1000 @puré of
opefation ét design conditions. The 5isassembly and inspection showed the uhit
to be free from any dimeasional changes - a finding which substantiated the .-

ability of the L/C PMA to operate for 10,000 hours.

- The first deliverable L]C "MA was tested and found to
ve 1.5 psi below the design head at design flow rate. The development unit ;_
was also fouad to be-siightly under the 55 psi ﬁfessdfé>fiée design-ﬁoint.

Iv was aecided the first unit would be accepted on en SDAR since the required
system flovw was far less than the PMA output and the cause of the deficiency,
discussed leter, was nnot detrimentel to the integrity of the unit. Subsequeﬁt
units -would be modified to raise the head to meet the design criteria. The PMA
performance results are shown on Figure 52.
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" from the use-of Chromel-Alumel thermccoupies with a third maferlaL (nickel)

the measuring junction and the reference juncrioa are inside the motor. The

¥ Rotating Machinery, E (cont.) ] Beport No. 0320-0k-.7
- 'The second deliverabtle unit, after volute housing

mcdificatiosn, was assembled, tested and found te meet the required design

perivcrmance. The .unit was then delivered in A3C. The resuits of the seccad

wit’s performance are shown on Figure 53.

The third feliveratie L/T PMA was assembled fo:
acceptance tests and installed intc the locp. The operaticn of the unit showed
it tc be running in the severse directicn due o improper iaternal motcr lead

connections. The unit w1ll be removed aund wne cocadiTicrn .orrecied.

A tabulaticn of the performance resuits at raced
c¢nditions tor the aevelopment wercury PMA snd ths -First two deliverable PMAs

s shown in Table 6.

e

b. Design

VDurinU the develcpmen: unit téc-ting, the reccrded
temperatures of the motor cav1ty +hermccouples were low ({0 1o 70°F below
expected). After severa:‘days of invesgtigation it was déteryineﬁ that the
suction temperature thermocoup_;_vvs rzeding apprcximately 50 to 60° F low. k2

thermocouple was replaced but the +cmpera+ure¢ within the motcr were still
not-up to the expected temperatures. A review of thHe taermocouple circuit
revesled & large temperature drop (70 tc 30°F; acrcss +the nickel pins of the™

connector. The error intinduced by the temperswture gradient 1n the pins resulted

4]

as the comnnectnr. The correct temperature was determined by adding the

temperature droo of the pins to the thermocouple readcu®. An independent ’ r.
thermccouple was installed in the upper motor cavity pressure tap to confi - -
the motor temperatuse. An external cr surface type thermccouple was used to

ccrrelate: the motor surface temperature with the :nierngl :zteady-state ,

temperature. This arrangement was used oun subsequent tests.

The basic thermocouple problem is one in which both

peo

emf measured at the connector is the pctentizl difference betwesen the two

Jurctions. Thermocouple datas referenced to a fixed junction are not appl.cable.

The testing perfurmed on subsequent units used the emf reudouts and the exterpal

surface thermocouple {0 determine the units’ tf&g temperatures. 4
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V Rotating Machinery, % {ccat.) Report No. 0330-0u4-17

The head rise of the development and first deliverable
PMAs were below the minimum design criteria as covered in the test section. A
drawing review of the pump T:vealed the pump housing, impeller ccnicur tcolerance
was such that the impeller'eyetwould have & smalle= clearance than the impeller
vane tips which caused g large impeller recirculation loss and lower head at
rated flow. The drawings were corrected &nd the remaining pump hélsings were
remachined. » .

Tﬁe design or the bypass orifice in <he PMA was modified
to allow fo; U~ring séaling during AGCrtestihg toc facilitate the installation

of various sized orifices for flow variation requirements.

£

c. Fabrication

The volute housing castings, which have beeu the most

troublesome.fébrication items of the L/C PMA, have been delivered and accepted.

All motor assemblies (rotors and stators) were completed
and are ready for assembly into pump housings. The finsi three housings are
presently being machined to correct suction passage deviations and to repair

machining errors in the byrass orifice.

Several visits were made to TRW tc -itness assemblies,

disassemblies, and tc assist in problem solving.

The ET-378/ML immersion compatibility test motor has
surpaszed the 10,000-hour target operati~. time without revealing significant
changes in dielectric strength. The total cperating time at‘ESOCF has been
11,190 hours. Chemi‘;} analysis indicates that fluid properties of ET-378
are within acceptable marging and.the degradaticn ¢f the ML iInsulation is within

acceptalle limits. The results of the dielectric testing are shown on Figire 5k.

Page V-22




[SACN |

.‘.. . —

Report Nc. 030 0-04-17

N

VI.  NONROTATING COMPONENTS

A. HEAT EXCHANGERS - ) : -
1. Boiler

a.- Analysis

) The analysis was continued of mercury inventcry flﬁctuaticn
in the SNAP-8 Boiler as a response tc variation in NaK inlet tempersture. Figure
55 shows the boiler inventor; as a functicn of the pinch-pcint temperature difference,
ATpPg The pinch-point'te@ﬁerature difference is the differcace between the
local NaK temperature and the mercury saturation temperature at the ligquid-vapcr

interface and is related to the boiler invertory oy -

. ! /AT
Wy Qg log, (&1, /AT )

- pp
I3 = —xDU. &%, tK .
S in
where

IB = Boiler inventory

WB = Inventofy/unit length in sensible heating region

QS = Sensible heat transferred '
ATin = NaK exit temperature - mercury inlet temperature

D = Tube diameter

US = Overall coefficient in sensible heating region

Inventory in boiling and superheat .re jions.

Note that as U Dinch-point'témperaturejdifference decreases, the inventory

in the boiler increases. An analysis of allcowable condenser inventory rariations
(Reference 12) has shown that a 10-1b chénge in mercury inventory can be tolerated
without reducing the power availsble from the PCS below 35 kw at the end of

10,000 hours. Based on this, a minimum pinch-point “emperature difference of

150P is required for the boiler, thereby permitting the 5OOF change in pinch

point associated with the NaX inletf temperature variation.
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Repcrt No. 03%0-04-~17

Additional testing of the full-sized boiler is required
pricr to applying the results of this analysis to the SNAP-8 system. The tests
to be conductel “in- thée RPL-2 include a determination of rnventory variation in

the boiler which will be used to sﬁpplement this anaiysis.
b. - Fabrication

Tha..: uoilers A-3 (for PCS-2) and A-4 (for NASA-LeRC)

~ were completed at the Western Way Mfg Corp, Van Nuys, and delivered to the

Aérojet-Genéral Corporation, Azuga, on 3 June 1964 aru 16 July 196k, respectively.

The -1 boilers A-3 and A-L were bcth fabricated with

little difficulty in meeting the. stringent Class XV, AGC Specification AGC 13860

. weld requirements.A Only three repairs were required on the automatlc internal

tubz-to~-tube sheet weld joints for each of these t&o boilers; eleven such repairs
were required during the fabrication of the previous -1 boiler A-2. The previous
difficul?iés with the,automaﬁic-internai welding process were resolved through a -
vencor- development program which was initiated .and guided by Aérojet-General
Corporation SNAP-8 engineering personnel. The factors which resulted in success
with the automatic Internal welding process included optimizaticn of the welding
current and speed for each header "eat sink," and resclution of the proper>

bevel angle of lSO on the~£ubing;

The quality of the hand welding was also excellent on the
fabrication of these two -1 bcilers. The percentage of total (hand plus autonatic
weld) length on both -1 hoilers which met drawing requirements was 100% and 93%

after snd before rework, i=spectively.
-2 c. Stress Analysis

An approximate analy:sis of the transient temperature
profiles across the boiler tube wall during startup has been completed. The
enalysis shows that the maximum thermal gradient, and hence the maximum stress,

occurs at steady~state in the peak heat flux regior of the boiler tube.

The analysis éhows-that film boiling viil prevall until
very nesr the end of the startup trensieni., ef¥:ctively blanketing the tube

wall to prevent a thermal shock. A Schmidt plot of the boiler tube wall covering
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These data will be used in conJuncniJu with the analog 51mu¢atlon of the- SNAP-8

Jjoints were develdped for the large diamenev tube end, Additicnal werk I

VI Nonrotatin. Components, A {cont. ) Report No. 039C 0417 ~

the transient from film to contact boiling was used to ge.neis.e the curves shown

in Figure 56. Although the analysiz is oLly apprcximute, “he thermal graaients -

- M 1 . - 3
are low enough so chat a more detailed stuiy is unwarranted.

z. Condenser
a. Testing
(1) RPL-2 Test Prugral. ’ .
-
Plaaning fcr the extensive series of tests 1o be

conducted in the RPT.-2 has teen completed and shakedowr 7 the test lcop has
begun. Initial tests of the lccp at reduced mercury flow rates show that k
condenser performance is stable apd can De adequstely zcrtrolled. an evaluaticn T :;

of condenser performance and demonstratiorn of its adequacy for operatioj a8t

SﬁAP-B conditions will be completed follcwinthhe test series cf the -1 boiler.
.(2)  MECA Test Program » : L Cs

The single-tube cendenser tests ccnducted at

NASA—LeRC, in congectl n with the MECA. Program, have been extendeu. OFf-design

condenser pressure drop and condensing pressure measurements will té made on a : PR

single tube of the multi-tube ccndenser to determine the condenser performance

Auring the startup phase of the SNAF-8 system. Data at mercury flow rates of

20 to 100% of rated flow w1ll be taken for variuvis cumbinationsec) o« olan*. fiow -

rate and inlet temperature w1th variable mercury liguid-vapor interface pos tion, Cs

gystem t» determine that sufficient NPSH 1s generased fc; the mercury pump during

the startup transient. ’ T Lo

b.  Tube Sheet Development - , .

Seven tube sample headers were faorlﬂafed Which were LR
representative of hoth headers of the -1 model condenger, Tapered ture ende
were rolled into the sample headers and were welded using an automatic welder - .

whlch had been used in the manufacvure of the first twa -1 condensers. Satisfadtory:;”

réquired to achieve sa*isfactory small diameter tube jcints. - . - o

i W Rl B e 5 . - e’ w _— ,
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was 0.0020 tc 0.00%5 in. "Push” tests wers perforzed ~» if.ese upsets o letermine

their axial lsad earrying capacity. Tne alicuzy

and 2000 ib.. 'Tme nhighest lcading enccumiered oo an individuzl condenser tubte iz

13C 1b caused by the differeutizl expansicn betwsen the -uces and shell; -hLerefore;

the 0.00% in. ncminal exirusion inic the groove was considered adequaTte. . Zambie
is in préparatian which will be used I qua
c. Fabri aticn
A31 pari:z for the FLS-2 and Lok o-ndensers are compliete
with the exception of the sucte bundls zszembliss. The tute bundie assemviles
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"1

;_
t
[
a
m
jn
(1]
a
I
D
=
g
"

)
bt
-
()
[
O
I
-
f.J
o]

iube hesder scint., Following avceptance ¢f the Tin
samples, fabricaticn of the tube .uxdie zssemnlies w:ll be ztarted.

a

Zxchanger

3. Auxilizry Start Locp Heat

The auvxiliary start lccp aeat exchanger hagc been installei in
the RFL-Z2 and is useé tc preheat the neat reje:ztiou lucp In corniwicrion with
stari1p tests for the boiler and coundense~. Tests on the heat exchangar tc

determine performance will b> conduc: ~? .frer loop shakedcwn is completed.

z
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B. EXPANSTON RESERVCIRS
Daring the past repor: tha

exvansion reservelirs wos heid. The cbservations made during thatl review have
resulted in further examinatiacn of alternate means of satisfyrng 7he exparsics
reserveir reguirements. & final aesign review pzckage contaln:ing des:ign regq.lore

ments, procurement specifics
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and is near comrietion.

Prelaiminary Design Review rvequires a relatively iarge viol.me o
volume of gas acts on a bellows 1n such a wey &s o conircl tiae pressare of

the 1liguid NaK cn the other side of the bellcw
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zas is required tc permit the veguired variav:icns in NaK volume ‘und hente 17

beliiows displacement) without enccuntering unsatisfacto .1y large variations 17

The large size of the resultsnt expansion rezerve.r was obser-=d in
g

L1t an analysts oF slternate desigr

4]

the Preliminary Design Review and, az a re

concep%s, has been initiated. While the evsluatinn of additzicna. approaches s
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continuing, a summary of the conclusions regardiag several alterrate exp

reservolYy concepts appears in Tatle 7. Most of thes¢ cystems are neavier znd/or

more bulky than in the ccol gas expsngicn reservolr concept. Many he ° 5367 tiunsl

1ebilities which can sdversely infiuence the Jompcrent reiiab.lity. The <ocl ges

s

expansicn reservoir concept 1s still favored iver ary <f vhe aiternste ccnceprs

examined to date. -
C. VALVES

1. Temperature ~ontrol Valve for FRL Start Transie.t

The *temperartuare control valve 1s belng designed and facrritatel
by Ruylyn, Inc. A description is given bvelnw of their prcgress and pre en”

sCtivity.

The (-1) design configuration arrived at for *he temperature
controi vatve features a 3-1n.-d1a bellows-ac.uated butterfly with 2-in.-d1a

inlet and outlliet parts.
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VI Nonrctating Components, C (cont.) Report Mo, U320-0L-17
Detlail arawings for all parts have been completed by Foylyn, Inc.
(with the exception of the NaK chamber fill adaptor), and material procurement

and fabricati~nr has been initiéted.

Flow checks utilizing water as the working fluid were conducred
by Roylyn, Inc., vith a 2-in.-dia butterfly mockup velve. Data from these tests
will be used to determine the prop~r butterrly actuator linksge and any adzptations:

which might have to be made to obtain the desired valve chaiacteristics.

—

2. aubricant-Coolant Valves

" The lubricant-coolant valves have been ordered fror Valcor
Corporation. Valcor is currently assembling and testing the valves. The valves
ate scheduled for shipment to AGC on 1l September 196L. These valves were descrited

in the preceding quarterly report.
D. MERCURY INJECTION SYSTEM

The mercury injection system final design review package was aszembled
and issued. The design review resulted in the definition of a {-1) MIS sysvem
which is considered to be satisfactory for use in the SNAP-8 development program.
Enough {-1) components for two complete MIS systems have been ordeved. <Zompiete
sets of (-1) components sufficient for the assembly of two MIS systems will be
available on or about 15 October 196k. A third set of components rejuired ©o
compliete a MIS assembly is in the prccess of being cruered and will be avaiiable

on or about 1 January 1965.
E. ELECTRICATL, INSULATION DEVELOPMENT PROGRAM

1. High-Temperature Motor Test

Testing continued on an inorganic-insulated motor to determine
the long-teim electric strength of the insulatio.. system. The motcr statcr was
fabricated previously for the original 2-loop SNAP-8 system, and the insulat.on
system used in the stator is essentially the same as now being employed in tae
new HRL and primary loop NaK motcrs. This 1000-cps motvor has external bearings
and operates at kSOOF o a reduced 60~-cps voltage to eliminate the need for a
special power supply. The unit passed the 8000-.our mark during this period
and has shown a slight but steady imprcvement in insulation resistance

(Figure 57).
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2. Evaluation of Organic Resins

The weignt loss ilesting was discontinued at 13Li hours and showed

)

that the higher-temperature-resistant orgenics arc alsc high-ctrength, hard,

brittle materials (Table &). The si1licone rubber materials Dew Corming 152 and ———
183, while showing high weight loss, retained taeir physical appearance and
vroperties as well as the high-tumperatare epoxies and novalaks. The silicone
rubber materials showed a tendency toward crack propagation that was nor noted

in the other materials.

3. Organic Insulated Statorettes

The statorettes ML-3, ML~L, ML-5 ana ML,#6 ars still ander test
at 392CF, The ET-378 has evaporated, leaving the statorette exposed tc air.
This has resulted in an increased insulation resistance for this unit. The
other units have shcwn little change, indicating that the systems are not

materially affected by 592O temperature and 05-12L fluigd.

L HRL and Primary Loop NaK Motor Insulaticn Develcpment

The first HREL inorganic unit was .finished by the vendcr znd
returned for the bakeout seal-off operation which was performed saccessfully.

The temperature curves for this unit during processing are shown in Figure 58.

Winding assembly work continued on the next units.

5- Suppecrt Work
a- Organic Sncapsuliation of Inductors

Furane 17B organic resin was selected TO encapsulate
inductors for the Controls Group. This mate-ial was found to be unsatisfactory
because of strains set up in the core material. The encapsulation material was
changed to Epoxylite 813-9, and a coating of Dow Corning 183 was applied to the {
wincdings before encapsulation. This appeared to be successful. For further ,

evaluation, see the Electrical Lontrols Section (Section VI,F).

b. Repair of General Elactric Alternatcr Thermcccuple Leads i

During testing, some of the thermcccuples ¢n the first

General Electricel alternator failed to register. Upon removing the flexible

Fage V1-7
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potting compound around the terminals and thermocouple leads, electrical Izborazcry
personnel noted that the Joints were brzzed and that incomplete remcyal of brazing
flux resulted in rusting and corrcsion. This rusting and corrosion caused the
joints to fail. The use of brazing in the electrical systems, or in thelr housings,

is contrary to the requirement that all SNAP-8 electrical jcints be TIG welded.
F. ELECTRICAL CONTROLS AND COMPONENTS

1. Voliage Regulatcr-Exciter

The first preprototype voltage regulatc. assembly and exciter
asserbly passed acceptance test at Waynesborc, Virginia, and was shipped tc AG~
on 15 May 19¢k. Asrojet checkout procedure for the preprototype veoltage regulatcrs
exciter was issued, and provisiors for checking out these assemblies was completed
in the electrical laboratcry. The checkout is ﬁot an acceptance *tesi, but iz used
to determine whethar the voltage regulator-exciter zssemblies are coperating preperly
after shipment. The first p-eprototype voltage regulator-exciter was received in
the electrical laboratory and was installed in the checkout cabinet. After these
iwo chassis were installed, the voltage regulator-exciter was quallf;ed for test

with the General Electric altevrnator in the electrical labcratory.

A GE alternator was received in the electrical laborstory,
installed in the test bay, and made ready for electrical systems tests. A -est
vutline was written for the systems test of the speed control, the vecltage

regulatcr, the alternator, and the necessary facility equipment.

Electrical controls systems tests were staried in the eleéctrical
laboratory. This SNAP-8 system includes the preprototypeveltage regulator-exciter
(which controls the alternator output voltage), the alternaror, :nd a simulated
closed=-l1o2p speed control system using -X equipment. The facilities 1include a
simalated paresitic load resistor, a vehicle load, a metor drive for the alternatcr,
ani a LOO-cycle, 123 kva, motor-generator set that provides the electricsl power
ve the mctor. A control panel was installed tc provide the instrumentaticon and

switening control.

The first series of shakedcwn tests was completed successfully.
The system has been operated at rated speed and voltage with an electrical lrad
of 48 w (unity pf). Thirty-six kilowatts were transferrved Irom the simulated

parasitic load resistor to the simulated v~hicle load and back again.
[¢]

Page VI-8




;* e} 5»'.,...,‘

. ‘ v,,_m“

Wt s ol

[S——

e,

VI*Nonrctating Compenents, ¥ (cont.) cem T /Repofi No., 0390-04-17
N Presently, cumplete detail testing is in progress. All tests
conducted thus far have been successful. Data are now being obtained in such areas

as voltage regulation, voltage transients, wave form, harmonic analjsis, and

~stability, and for combinations of differert power factors.

To date, preliminary information shows a total line-to-neutral

harronic content of 7.28% at L1 kw paraéitic and at no vehicle locd.
Wave forms at noted loads can be seen in Figure 59.

Speed control regulatien is +2.5 cps frem rio vehicle load to
34 kv vehicle load (unity pf). The total alternator load was 39.6 kw at 0.86 pf.

The system has been stable, but this is a motor-driven gystem.

The CGEST will determine if stability is a problem. . B

Cade s

The second GE preprctotype voltége regulatbr-exciter has teen

DS U

acceptance-tested at the GE facilities in Weyresboro, Virginia, and has teen ' . .
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received in the Aczrojet electrical léboratéry. This unit will be checked out in

‘r

‘*he same fashion as the first preprototype voltage regulator-exciter.

The TIG welding of the diodes in this uﬁit wag successful.
Discussions with GE indicate that the original TIG welding problem areas for the
diodes has been eliminated and the system worked’out in the GE weiding specificaticn
M1A-58.

' Previously, subassémbly drawings and materials for the
prototype voltage regulator assembly had been reviewed and approved ty AGC.

The prototype voltaze regulatcr-exciter enclosures drawings were received by

- AGC for review. The protective housings drawings were alsc received. After

resiewing the drawings, AGC spproved the voltage regulator-exciter enclosure
drawvings and the protective housings. With thais approval, GE now has complete

approval for the prototype voltage regulator4éxciter,designa

All process specificatvions, with the exception of the TIG

-welding specification M1A-58, have been approved. Additional information is

required before spgcificatioh M1A-58 can be approved. Conditional approval
of M1A-58 was given ana the specific areas tha£ were net clear were pointed
out to GE. When these areas are cleared up, complete approval will be given
on the TIG welding specification. '
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VI Nomvotating Components, F (cont.) - ; - . Report No. 0390-04-17
To accomplish the ceramic terminal hermetic seal, GE hss
incorporated the coldweld process in their hermetic seal design. Thelr
trapsitioﬁ pieces—for’the ceramic terminal were revieved by Kelsey—Haye;, )
the coldweld vendor. Some modifications were made in the briginal GE design
to prevent material distortion at the time of coldwelding. ‘GE has irdicated
that these modifications, as recommended by Kelsey-Hayes, do not present a

problem. Modification of this design has been completed.

The coldweld tooling that was designed for AGC for the specd

control -housings will be used by GE to attach their ceramic terminals to their

volfage regulator and static enclosures. GE has contacted Kelssy-Hayes, and

4‘théy have been assured that their design will be compatible within the AGC

2. Speed Contrel ’ . 5

- “ .To ensure a stable speed sensing circuit, AGC is continuing
its program to ensure étable performance under<éll environmental and operational
conditions for a long‘period of time."™ The long period drift tests, started on
22 January 1964, continue. No measursble drift was recorded’qp to 1k August

1964. This test has been running continuously except for a few cases where there

. vas p&wéf shut downs in fhé—plant or the changing of some test equipment.

The fact that this circuit has nof drifted is highly significant
(see Figure 60). Aerojet is of the opinion that the primary success of this
circuit is the combination of the silvered mica capacitors and the silicon irce
conductors using“altmina for the inductor gap material. Aerojetrbelievés that
these materials point out the vaiue of using nonexotic materials for the core
and extremely stable material for the gap. Silvered micaxcaﬁﬁcitors have had a
long history of operation in pune circuits for extensive pericds of tihe; this

is why this particular type of capacitor was chosen.

Another area requiring investigation involves the question of
how an inductor can be tuned, pdtted, and 1ncorporated,iﬁ a tghed’circuit ~
wipﬁ'the capaciﬁor‘and yet not have the tuned cireuit rescnent frequency shift.
This area was bointed out very dramatically during the first attempt at -~ -

impregnating and potting the tuned circuit inductors. The first two inductors-
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were impregnated with Epocast 1TA. This inpregnation process was very successful,

as reported in the preceding quarterly report (P.ference 4). The inductor wes then

potted with Epoxolite 813-~9; both inductors shifted 20 cycles. This shift is not
acceptable in tie speed control design because there are no potentiometers fcr

adjustment.

The primary problem was believed to be the s*ress on the gap of
the inductor. It was felt that if some resilient material cculd be used to cover
the inductor before the potting process, the 20-cycle frequency skift could be

reduced considerably.

Two more inductors werée fabricated, impregnated, apd tuned with
J ) N

& test capacitor. One inductor was covered with the resilient material Sylgar4d 183,

-and ‘the other with a glass fiber material. The first inductor was heated to 400°F

and dipped in the Sylgard 183 (a silicone resin). This process left a resilient
material about 1/8-in. <hick over the inductor, snd also completely sealed the

inductor.  The inductor was then potted in Epoxolite 813-9. .

In subsequent tests, the tuned inductor shifted only 0.8 cps.
This imprcvement was much better than expected and is well within the trimming
range. After this origiﬁal test, the inductor was temperature-cycled-tc 2OOOF,
and the inductor was returned to its tuned point with no mechanical failures in
the potting materials. To further 2ck the mechanical characteristics of the

potting materials, the unit was th 1 cycled to LOOOE,

5 Atter one cycle, the silicone resin caused the protving compound
to crack; the compound subsequently could be pulled off of the inductor. The
inductor remained encased in the silicore resin and continued to operate
satisfactorily. The MOOOF,temperature is twice the_design vperating temperature
of the inductor because the inductor is lccated in the low-temperature package

with an active heat sink at 150°F,

As a further check, the silicoﬁe-dipped inductor was repctted
in the same epoxy material. Its shiftv was again les: than 1 cps. The inductor
was then cycled to 400°F - again resulting in the same fractured epoxy - but

the performance of the:inducfor in the tuned circuit was not affected.
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The combination of the Sylgard 183 and Epoxylite 813-9 has
beer highly satisfactory. Tae combination results in a rugged componenf which
is not adversely affected by operating temperatures of 400°F and which will
operale very well au the 200°F temperature. This potting system will be uséd

in the fabrication of the -l. speed control amplifier (see Figure 61).

A parallel program which used a Fiberfrax ccvering over the

inductor, and the subsequent identical potting materials, was not successful

‘(see Figure 62). This method resulted in a 20-cps shift of the tuned circuit

after potting and temperature test. The inductor was sectionéd, fevealing thet
the potting.compcund had penetrated the Fiberfrax material, resulting in unwan%ed
pressure on the gap causing the 20-cps shift. It was noted that the 20 cps shift |
that occurred in this 1nductor was identical to the® 20~ ~cps shlft that occurred

in the inductors which were dlrectly potted in Epoxylite 813-9. 1In all three
1nductors where the epoxy came into direct contact with the gap, the frequency

shift was 20 cps. All work has bzen stopped on the Fiberfrax aystem ) -

The first delivery of the. large and small ceremic terminals

and the ceramic standoffs are expected to be made during the last week of August.

To attach the ceramic terminal to the aluminum hou51ng, the
boldwe“d prczess will be used. Coldweld samples and toollng were ordered. Sixteen
sample copper flanges and aluminum cans were shipped to Kelsey-Haye: foi coldwelding.
The coldweld tooling has been designed and 12 of the samples (Figure 63) were
returned to AGC for evaluation. (Kelsey-Hayes kept four coldwelds for theix

evaluation. ) : -

Tﬁe SNAP-8 Materisls Departmenf evaluated the coldweld samples ..
by helium~leak tésting and ultrasonic testing. UTiie helium~leak tests were -
successful. None of the coldweided samples failed any of these tests. The
ultrasonic tests showed that a continuous bond was achieved'on all of the tested
samples. The Materials Department approved the coldweld bonding process as
performed- by Kelsey-Hayﬂs. ' .

As previously reported, coldweld joints degrade at elevated
temperaturés over a period of time. The first test performed on coldweld
Joints wés conducted at SOOOF for a period of 1600 hours. This particular
Joint did come apart in the tensile test. Since 500°F is a much higher
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tempereture than the éeramic terminal coldwelg is likely to face, another test

was run at 350°F for 1500 hours. The Materials Department then subjected this )

: coldweld sample to a tensile strength test. The coldweld did not fail. Evaluation =
- of the sample coldweld joints and the 1500-hour 5500F coldweld tensile tésts

shows that the coldweld joints will meet. the environmental requirements of the

. . SNAP-8 Program.

¢

The prototype design {-1) of the speed control is packaged in

- three separafe modules. The saturable reactor and the power transformer are - .

(

-3 installed in the TRA assembly, which is the -high-temperature assembly. The

third module (a speed control module) will bé located in the low-témperature

- controls assembly. .Another mbdule, which may become ﬁért'of theuspeed control . ?bé
%ﬁ assembly, is the stabilization transformer. Because the size of this transformer ;
L is a direct function of the stability of the system; no -1 work has been dgne Y i

on this uwnit. A -X design of this stabilization transformer has been completed. "

It

and the fabrication of the unit has also Leen coﬁpiéted. Tts actual size :nd

‘shape will be determined during the cold gas electrical syétems test.

During this report period, a}l -1 design drawings were #eleased .

for the speed control module, the saturable reactor module, and the power

transformer module. Fabrication orders were initiated. ) o4

,E One of pﬁe problem”afeaé associated with the speed control

module is the TIG welding of the diode assembly. To aevelop the TIG welding
h schedule and processes, a -1 diode'éééembly with "dummy" aiodes were febricated. ‘
; TIG weld tests and evaluation are continuing. The major objective is to makeé : é
succesaful TIG welds without exceeding the temperéture limitations of the silicon
diodes. Thermocouples were installed in this assembly for monitoring the “
temperatﬁre of the dio?e, and different types of heat sinks ‘are being evaluated

for their effectiveness in keeping the diode temperature as low as possible.

Before assembly, all speed-gontrol module componrents mist bé

matched. Because there are no potentiometers for setting the operational poiﬁts

of the speeddcontrol, and becéﬁse the operafionél limifations are very stringent, -

the components of the speed control amplifier must be’assembled on the precheckout

] board and tuned to the proper operating point. After this is done, thé combonenfs
~ are then removed from the precheckout board and installed in the -1 speed contrbl
- moduie. 7 ‘ )
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e

N

i . All SNAP-8 speed control modules contain ceramic terminals which

project from the enclosure. To eliminate the possibility of breakage during

assembly and checkout, these vulnerable ceramic te "nals are shielded by

- protective housings during testing and handling ¢ mnodule. Dl
i - T
z 3, Saturable Reactors

The design of the -1 saturable reactor was coupletad, the

i . drawings were released, and a fabrication order was issued.

To evaluate some of the problem areas in the -1 design (this
s design consists of three cores and one control winding), an experimental assembly

of the -1 design, not includin> the housing, was fabricated.

{

i: One of the areas investigated was the welding of -the braided
leads to the weld clip which attaches to the terminals of the saturable reactors.
These welds can be made with no prok‘om, but the importance of the wel@ schedule

must be considered because faulty weld settings will produce a substandard weld.

Further tééts on the high=-current copper_feed-throughs were madé-

using'the TIG weld process to attach flexible leeds to the -1 experimental saturable

that better heat»§inks, closer engireering controlé, and welding experience will

eliminate the problem. Fcre again, the weld schedule and the implementation of the

s ok,
i .

welding schedule is extremely importart,

! reactor. Considerable difficulty in fechniqpes were encounterad. Evaluation indicates

!‘ Because the ‘onfiguration of the -1 saturable reactor is differer
from the -X saturable reactor, ansther series of time constants iests were conducted.
i“ The time constrnts of the expsrimentei -1 design did not exceed U.. 90 sec. Test
-+ results correspondea to desisr calculations. '
[ L, Harness assewbly
i " In the conceptual harness design review, a ol ~id copper to
iz aluminum transition piece was pr.posed for use in the high-cu: * .- bus system.

Because of the separation of the cusaweld after being expoe~l ¢~ 1600 hours ét

- SOOOF) a coldweld joinl was retested av 5&”QF for 1550 ki fhis particular

-3

piece is the same piece that is referred tu in the coldw:.: -=sts for the cerapic

terminals. A tensile-strength test of the sample showed that the coldweld Jjoint

pe=
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did not fail. The results of these tests indicate that the coldweld joints Tor
use in the harness camnot be exposed to a tempcrature exceeding 550 'F. Some of
the original areas considered would be exposed to temperatures ir. excess ci the
35C F level; therefore, in these areas copper will be used throughcut. The

coleeld joint may still be used in areas where the tempeérature canr~* exceed §SOOF,

The harness for PCS-2 pasically will be = workhorse design.

The -1 installation technique will be used where possible. Welding cable will be
used for the high-current tus, and Teflon-insnlated wire will La used in tne
low-current harness where the -1 design cannot be usefully employed. A schematic
drawing of the PCS-2 harness was completed which incorporsted all flight requirements
currently known. After investigation of the electrical connections that must be
~made and the component loca ',_ion in PCS-2, it wa., possible tc remove the distribution ) Li
panel and the separate junction bcxes frox the harrese design. The electrical
connections formerly anticipeted for the dictribution panel and the Junction boxes T

have been transferred to the ;ransformer reactor aszembly (TRA) and the start

programer assembly. . N Y

Temasas

SR e

wear

e

- amard

* maeom

The electrlcal schematic desi en of the PCS-2 harness is béing : o =

used as g basis for the harnes: layout for the PCS 2 mockvy. Zayout of the

PCS md¢kup has been started..

5. Start Programe-

Fabrication of the =X breadboard start programer was compleheds

Febrication of the checkout wnit and its associated harness har alsovbeen completed.z:

Checkout of the start programer with use of the chackout unit has been completed ‘
(see Figure 64). * The breadboafd assembly of the start programer operated corrsctly
in accordance with the operational baxr chart. This bar chart is not the inal -
operating procedure, but it has been develcped with ‘the best 1nformatlon avallable.

Some changes will probably be required in the sequence of operations, and some

of the timing functions may change. In view of this, the EI sctrical Controls,,ﬂ-f“
Department has recommended that a breadbnerd Seart programer e used in the first ‘

pha ase of the PCS-2 test. The timers o this brea&board are variable and are ‘
being fubricated in g brpadboard style to allow mpdificatlons with minimum efforta N

I LAV
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Timers purchased t.. AGC Specificaticn 10209 were tested
sebarately before being installed on the start programer treadtoard. Test
results agreed with the spescification ét ambient conditions; the timers
operated elecirically as specified and performed the proper timing functions
vhen they were installed on the breadboard.

-~

o. Vehicle load Breaker .n! Protective System

In compliance witk NASA Technicsl Direction No. 19, all werk
on the vehicle load brearer directed toward flight-type hardware was discontinued.

- ‘Ihree Westinghouse -1'ype £YB1ZA breakers were ordered.

roper i ¥

MnA Technical Direction No. 9' alsc directed that no work be

, uonp on a flight-type rrotective system. Accordingly, a magnetic bistatle cireuit
)__ 5 combmed with available aircraft type compcnents has been designed for use in
Z;’ . ground system tests. This: protective system will provide- (a) short-circuit

-f;.;zl,t and overload protection by undervoltage sensing with time delay before

oreaker trip and before breazer cicse; and (v) overspeed protection by means
of an under-over fréquency reiay. By use of two additicnal releys, lockout of
the under-over, ;req.lency relay is provi ided until the speed cf the TAA rises to

_near reted. After rated speed is attained, any increase in speed or decrease

N 3»!11'.'"']‘ o brearged o

in =peed to the iinder-over frég_uency relay trip joeint will provide a contact

<MY,

cpef;ing vhich can be used tc shut down the turbine.

ar
‘

7. Battery Assembly”

©orouey

All work on the battery assembly has been discontinued in

~-. _agzcordance with NASA Technical Dizection Wo. 17.

8. Parasitic Ioad Resistor

- . 7 A purchase order was issued to Heat Engineering and Supply
Company for the cesign and fabrication of four parasitic load resistors to meet

the requirements cf Specification AGC 1D2T70.

~

Dramngs and calculiations were received from the vendor and
revieved. Design approval was granted with minor changes to be incorporated.
The only physical deslign change was the specification of a discontinuous weld

#.r the attachment of the mounting rings to the housing. This change was made
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to reduce the »o0ssibility of a stress problem resu.ting from differential
expansion of the rings and housing if a temperature gradient exists across the
mounting -rings. The other changes were for the addition of information to the

drawings in the form cf notes, dimencions, and tolerances.

The addition of a layer of INCO-82 weld material between the
end of the resistor element sleeve, 316 stainlcss steel, and the nickel terminal
flange wes suggested to improve the weld and to eliminate brittleness wnd
cracking. The SNAP-8 Materials Department has started check~ on reveral test

welds tc determine if the addition cf the INCO-8Z material is necessary.

The three -X resistor elements are still operating at a temp-
erature of approximetely 1400°F. At the end of this report vericd, thzy had
operated at this temperature for 344U hours in sddition to 273€ hours at a sheath

temperature of 1100°F for a total operating time of 6176 hours.

9. Power Conditioner

Ko change has occurred in the requiremenis for the power con-

itioner. The output voltage will be 28 v,dc +3 v.

10. Radiation Effects Program

Lockheed-Georgia Company continued this testing program and
completed the reactor irradiations of the electrical controls components and
subassemblie... Post-exposure testing of the samples which were subjected to the
200°C materials irradiation was also continued. All physical properties tests on
these samples and exposure of the contro) statorettes to the temperature environment
were completed. Electrical properties tests on the materials items are currently

being conducted.

Preparations and checkout of instrumentation for the reactor
runs fcr the electrical syster control items were completed. The first cf tnese

o
runs were conducted on 7 wnd 8 July at a nominzl heat sink temperature of 160 F.

The second run was conducted on 15 and 16 July at a temperature

of l6OOF. Cyclic, sutcmatic data systems recorded parameter changes tr “nth
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VI Nonro*ating Components, F (ccnt.) Report No. 0390-04-17
the comporents and subassemilies prior to, during, and following these irradiaticns.
Data were alsc taken manually. 3Similar reactor operating profiles were followed
during these runs with a majority of the data being accumulated over the exposure
vange to about 1 x lO12 nvt. During the final few hours of the 160°F r.n,

the LiH shield was raised to increase the neutron fiux, A final expcsure of

about 6 x lOlj nvt was reached.

‘Although coupiete data from these tests arc not yet availatle,
the following observations were made:
a. Nc significant changes in the performance characteristics
. . . L AL2
cf any of the dicdes occurred prior to an exposure of akcut 1 x 10~ nvt.
b. The performance of the hign-current dicdes which were

tested appeared to be egual te, or better than, thal of the low-current units,
Both types were checked over their respective operating range, which included
de~-rating. This information or the high-current dicdes is impcrtant to the
SNAP-8 electrical control system becsuse it essentizlly removes an area of
concern about the use of the magnetic amplifier circuits which operate at a
relative y high-power level. No informztion was found in the arailable radiation
efiects literature concerning high-current diodes. It was expected that these
diodes would be more susceptible to a nuclear environment than would the
relatively low-current units. Figures 65 and 66 show the renge of otserved
values of forward voltage drop and of reverse leakage current for the irreadiated
units of beth a high-current and a low-current dicde as a function of neutron

elposure.

c. Performance of the siliccn-controlled rectifiers (SCR)
which were tested was more affected by the accumulated exposure than was that
of the diodes. They would be suitatle, however, for use in SNAP-8 controls
with the present radistion specification and possibly to somewhat higher

exposures.

d. The specification for the acceptable radiation to the

sol:d-state controls can probably be revised to increase the exposure lesvels.

Puge VI-18
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With the presently assumed overall system configuration, the SNAP-8 LiH shield
weight will be determined to a large extenct by this allowable exposure. Any
increase in the acceptable total dose that is on a technically sound basis could,
therefore, redvce the required broster thrust with no sacrifice in required
system performance. It appears that a recommendation to NASA fcr scme increase

in the specified levels could reralt from a detailed analysis of the test data.

n

Additional increases in tac specified exposures can probebly te attained with
added radiation cesting suad circurt design techniques.

Work is continuing on this program. This will inveolve
completing the tests, reporting and analyzing the data, developing reccmmendaticns

for the next series of r.diation tests.

11. Inverter Startup System

A letter contract was issued to Westinghcouse Electric
Corporation on 21 Mey 1964 for 15 rotary inverters. Initial fabrication is

limited to two unitw.

The cdevelopment schedule received from Westinghouse shows the
first unit scheduled to be delivered by 13 November 1964 and the second unit

by 27 November 196L.

Preliminary inverter design reviews were conducted in June with
Westinghouse. Westingnouse was reguested To use a larger motcr in the inverter
so that cthe maximum hot-spot temperature of 20506 as specified in AGC-10281
would not be exceeded. Westinghouse was also requested to use redundant brushes

as reguired by the specification. With these provisions reliminary design
Y 2

~approval was granted to allow completion of the detail d=sign and design celculations.

A layout drawing and mechanical design calculations for the

inverter were received from Westinghouse in July. Alsc received were mniiny

performance calculations and alternator performance calculations.

The motor and alternator perfcrmance calculations were
reviewed and judged tc be satisfactory, except that it was thought that a

higher grade steel than M-27 should be used in the motor armature.
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VI Nonrotating Components, F (zont.) Report No. 0390-0%-17

The mechanical design calculations were reviewed. Because of
lack of sufficient irnformation on the calculations and the conclusions drawn rrom
them, design approval was not given. Westinghouse was requested *to supply

additirnal specific information before approval could bte given.

The definitive contract was ccmpleted, approved, and mailed to

Westinghouse on 21 July 196k.

Proposals received from three vendors for inverter contactors
were not considered satisfactory. It was decided to obtain four aircrafi-type
contactors, Hartman BH-138AK{, and inspect and test them to determine what
modification is necessary to assure that they will meet the regquirements of

the SNAP-8 environment.

These contactors were ordered and are promised for delivery

Ly 15 September 196%.

12.  Transformer/Reactor Assembly (TRA)

The layout drawing of tie TRA was completed, zlthough complete
informatioa on the stabilization transformei, the motcr transfer contactor, and
the mounting o. the ready relsy is not availatle. Space for these components huas
veen assigned in the overall layout of the sss=2mbly. The areas in which the layout
is complete are the mounting configuration, the housing, the heat sink, structural,
harness, and the junction box. Detail drawings have been made on the heat sink,
the mounting provisions, the Jjunction box, eud porticns or - housing and the

structure.

Some changes in the design as presentad Lu the design review
manual for the TRA were made. The design review proposed a flexible high-current
bus throughout the assembly of the TRA. Additicnal work ir :his area reveals that
the insulation system for the flexible leads was ton cumbersome. The fiouwil .=
lead design was changed to one with a solid bus conductor, 0.375 in. square,

terminating in the flexible lead as described in the design review manual.

Another change is in the connection of the aluminum heat sink
to tie stainless-steel lubricant and coolant loop. The design review propcsed

that a transition piece, made from aluminum and OFC copper, connected by the
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~oldweld process, be inserted between the aluminum heat sink ané the stainleszs-steel
tubing of the lubricant-coolant loop. This would enable the aluminum heat sink

to be welded to the aluminum secticn of the cdldweld, ond the ecpper section of

the coldweld could be welded to the stainless-steel tube. The ccidweld transition
piece will still be used, but further investigatiocn by the Materials Department
indicated that s problem area existed when welding coupper to stainless steel tecause
of briveleness in the joint. However, nickel appears ¢ be a material that carn

be welded to copper and stainless steel. Hence, the TRA heat sink piping will be
terminated in nickel so that the copper to alumirum coldweld transiticn piece

can be welded on one end to the aluminum, ané the copver end can te welded to

the nickel section. The other end of the nickel will be welded to stainless-steel

tube.

An area of investigation which was brought up in the TRA design
review was the effect of ET-378 on copper. The ET-378 would come in contact in

the copper porticon of a coldweld transition piece.

Because of the potential copper corrosion prcblem, the Materials
Department is investigating a prctective metallic coating to te put over the
20pper to keep it from contacting the mix -4P3E. Coatings that appear most
applicable are: (a) electroless deposition of copper, "Electroized" chromium
(this method is a proprietary process of depositing cr-.ck-free hydrogen-free
chromium, and (v) electrode-position of silver. A test program for exposure
of candidate transition joints for the transfoimer/reactor assembly has been
started and is scheduled to be completed in January of 1965. Because of the
reguired delivery schcdule of the TRA, it is necesgsary to design t
Jjoints intc the assembly; therefore, the TRA design will continue under the

assumption that one of the three proposed coating processes will be successful.

13, Cold Gas Electrical Systems Test

The Electrical Controls Department prepared and forwarded &
test request to SNAP-8 Test Engineering for the cold gas test. The test request

wus modified in accordance with IMASA-LeRC recommendations.
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The coid gas electrical systems test operstion has teen propared
by Test Engineering. Work on the wiring installation for these tests is now under
way. This series of tests will use -X electrical equipment. As previously
mentioned, all of the electrical equipment provia=d by the Electrical Controls
Denartment nas been fabricated, accepted, tested, and is awalting installation

inta +the loop.
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VII. TEST ENGINEERING

A. TEST FACILITIES AND EQUIPMENT DESIGN

1.  LNL-3 Liquid NaK Loop (NaK PMA Tes* Facility)

a. Design

Because of the change cf program needs, the LNL-3 system
was modified to incorporate a simplified loop design. 1¢ simpl.iy the lcup, some
versatility was sacrificed. The design objectives were devised in accordance

with the following guidelines:

(1) The system pressure drop must accommodate the maximum

flow nd corresponding head rise of the primary loop NaK PMA (Figure 67). The

-

system shall require a flow-limiting orifice under all conditicns of flcw.

(2) The system shall have heeter capacity sufficient
to raise the system NaK temperature from ambient to l§OOOF in 2 hours and waintain
that operating temperature fcr 3000 continuous hours of operation. Heater controls
shall be capable of maintaining temperature constant within 5% of the design

temperature.

(3) The system shall be capable of operating at BOOOF
by free convection cooling without auxiliary heat exchangers other than those

provided with the PMA.

(L) The purity of the iritial NaK charge will be
introduced at a level less than 100 ppm of sodium oxide. The initial contamination
combined with the sodium oxide resulting from the reducticn of surface oxides
will result in a total sodium oxide volume of less than L0% of the pump housing

to motor shaft annulus.

(5) The instrumentation used % .1 be direct-remiin-
diaphragm pressure gages. Flow will be determined by the calibrated orifice
described in paragraph VII,A,l,a,(1).

(6) If possible, a cooling system (ET-378) will be
provided consisting of the L/C PMA (P/N 253800), the necessary piping, and heaters
to maintain a coolant temperature f~m 100 to BBOOF within %% of the selected

temperature.
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VII Test fngineering, A (cont. ) - Report No. 0390-04-17
(1) The whole system (including the cooling system)
and the PMA (P/N 092949) will be housed on a single frame.

The design incorporating the objectives indicates that
the system will have a NaK capacity less than 7 gallons, and the total NaK piping

length involved will not exceed 26 ft.
b. Design Review

The LNL-3 design review mee+ring was held 23 July 1964 to

present the conceptual design to interested personnel.
b. General Considerations

The analysis of the locp was completed. The hydrsulic
analysis resulted in the selection of an 0.847-in.-dia orifice for the HRL testing
and an 1.113~in, -dia orifice for the primary loop testing. The resulting system

curves are shown in Figure 67.

The design of the loop is virtually complete. The NakK
loop will ve constructed from l-l/2-in.-dia Schedule 40 piping. The NaK expansicn
tank will be a bellows-type accumulator with an expansion capacity of 2 gallons.
The ET-378 cooling system will also make use of an accumulator for thermal expansion
compensation and pressure regulaticn. Detail dravings were initiated and vendor
contacts have been made to ascertain the availability and delivery of necessary

loop components. The NaK Ioop Assembly (LNL-3) Drawing is complete.

2. Integrated Nonnuclear Test Complex

a. Digital Data Acquisition System (DDAS)

Final acceptance tests were performed on the DDAS, and

the equipment was accepted by Aerojet.
b. Mechanical

A flanged, 2-in. manual shutoff valve and a flanged
strainer suitable for 2200-psi service were installed by the Linde Company in
the vertical riser which connects the upper bank of 15 ritrogen receivers to
the 500-psi regulator. A 3/k-in. blowdown valve was added in the main k-in.
supply line dowvnstream of the Annin regulator. This arrangement now enables the
operator to shut off both banks of receivers for the performance of service work

or. the regulator and supply line.
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A 6 in. burst diaphragm was installed in the main L-in.
line adjacent to the fenced area. This disk is set to burst at 720 psi and has

a relieving capacity of 228,000 cu ft/min.

A 2~in. manval Grove gati valve was substituted for the
2-in. Nordstrom plug valve in the proving grounds gaseoué nitrogen supply line to
Building 180. This installation provides a leakprocf conn~cticu to the high-pressure
plant system which is acceptable to proving grounds management. This vaive will be
sealed shut and turned on only if the gasecus nitrogen supply tc the SNAP-8 system
should fail. The high-pressure gas will be regulated to 500 psi before entering
the Building 180 and 187 distribution system. An additional rupture diaphragm
will be installed at this point in the system.

Concrete socks will be cast arcund the base of each column
supporting a piece of heavy equipment in the pad area to protect the metal structure
and buy precious fire-~fighting time in case of a sericus NaK spill. The socks
will be approximately 8 in. high with beveled tops. 'They will be painted to reduce

moisture absorption to a minimum.

3, Building 156
Upgrading of the building for use as a data processing center with
offices for SNAP-8 Test Operations was initiated by the removal of all eguipment
previously serving the six test cells in the south end of the building. The
original ceiling was insulated with a 2-in. glass fiber mat. Air-conditioning
ducts were installed for the data processing section, with the refrigeration
unit mounted on the roof. Flush lighting fixtures were then mounted in a new

suspended acoustical ceiling. .

A so0lid wall was built to separate the data processing and office

areas. A new floor tile was laid throughout the bui_ding. i

Installation of a window air-conditioning unit in th. west
wall of the office area, the erectinon of several sections of partiticn, and the

painting of all interior walls completed the scheduled building modificaticns.

The building is now occupied.
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L, Building 156A

a. Mechanieal

Erection of the new building was ¢ mpleted. Two-in.
glass fiber insulavion was installed on the three oxposed walls, thr two hinged
doors, and the underside of the roof. The concrete vamp to the south side of the

pad was modified to match the building door.
b. Electrical

Overhcad fluorescent lighting fixtures, convenience outlets
and the semi-automatic overhead door controls were installed. They are fed from

a breaker panel on the east wall.

Light and convenience outlet services in all six cells
were rerouted to féed from this panel. *Power was furnished to several machine

tools located in the open cell.
5. Building 180
a. Instrumentation

Inswallation was completed of all instrumentation, and of
all signal conditionirg end recording equipment. Additional recording equipment

required by NASA Technical Directive No. 16 is presently being installed.

A single unit, 36-channel dynamic meter amplifier wes
installed for RPL-Z.

All cell instrumentation for IML-3 in cell 3 was completed.
L. Mechanical

Repairs were completed on the Struthers-Wells gas-fired
NaK heater behind cell 4. The heater is prcsently being connected into the

primary NaK loop of RPL-2 to replace the recently failed electric heater.

The height of the fence at the south end of the squipment
pad adjacent to Building 180 was increased by 9 ft for a distance of 12 ft from
the edge >f the building. This was done to protect rersonnel in the south walkway
in case of a rupture in the high-NaK outlet line of the gas-fired heater.
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C. Electrical

All electrical power services to cell 3 for the cperation
of IML-3 have been installed, including 220 v,ac 3-phase 60-cycle power for the
Veeco vacuum station outside the cell in the high bay area. The control svstem

to this loop was completed.

The installati_n of all electrical power services tc. cells
5 and 6 for the RPL-2 was completed including the 220-v,ac, l-phase, 3-wire circuit,

and secondary cords to the Veeco pump for this loop (installed in cell 4,.

Work is continuing on the installation of the Sun load
simulator for the TAA in RPL-2; this Jjob is 75% completed. Installation of the
load simulator for the TAA in GN2S-1 was complete ..

Services for 110, 220, and 440 v have been installed to ) e
junction boxes behind cell 4 for the RPL-2 NaK purification system now being

set up at that location.

Fourteen emergency battery lights were installed in the’

Building 180 complex at locations where :llumination was considered tc be vital v J'JE
either to the safe evacuation of personnel or to loop shutdown if the main puwer’i P i

B R " 5 %_
should fail during n emergency. ) ol E

SUPPRVS

The installation of warning and s.gnrl lights in Buildiﬁg
180 has been previously reported, but during this last report period-it was found e
necessary to update the system in the following manner: 'cell emergency' flashing
red lights and "test in progress" amber warning lights were installed both inside
and outside the building at all points of entry into potentially hazardous areas.

Personnel signal lights were installed above each cell in the high bay area. In

addition to the ~olors for the cell conditions listed above, t.ese signals include :
a blue light for 'personnel in cell,” a white light for "liquid metsl in cell” . fi
and a green light to indicate tnat the cell is "safe for personnel.”

This system will be used in Building 180 and elso in '}l

Building 187.
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¢. Buiiding 187
a. Insirumentation

Tnstrumentat . on design is 05% complete. The remaining 1°%
will be compleved as required for sound and ncise, and vacaum signal conditioning.
- . . e -

Tocumentetion is 859 complete.

Installaticn of instrumentazicn wiring for SL-1 in cell 3B
was completed as rrevicusly reported, and the balance of the signal conditicning
wiring is row L0% complete.

Installaticn cf the rzcorders irn the contrcl room on the
mezzanine is continuing and is approximately 60% zomplete.

The functicnal checkout of cell 3B to patca panel inpurs
channels was started.

The chart drive selector system is 90% completed.

-

Installation of the twec Honeywell "Electronik” recorders for

SL-1 and SL-2 NaK-to-air Tin-fan heat exchangers in racks R3 and R17 in the contrcl

rcom Was requested.
b. Mechanical

Erection of the load simulator support structure sn the

equipment pad was started and s espproximately 60% com:lete.

Mercecid high- snd low-gas-pressure switches were installegd
in the lines to the two Struthers-¥Wells gas-fired LaK heaters in compliance with

FIA requirements.

The control conscles for these heaters were set up in the
mezzanine contrcli room.
As a safety precaution, thain hangers on all lighting

fixtures in the building were replaced with sclid rod hangers.
c. Electrical

installation of power to the SL-1 EM pump in cell 2B
through the poverstat and capacitors in the equipment rccm was rompleted.

Pege VIT-0
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Connections to the pump through the wall Juncti-n

without disconnects because oF the anticipzted current lczd ¢f 37D amp.

the cutput.

Voltage
b2 extremely shorz.

ané slignment o

aiternator was necsssary bafore performance of

satisfactory.

180 with 20%-v,ac, 3-

: g a venicle icacd simulatcr 1o sbscre
and frecuency reccvery time Ifromoa ghlern Test was foundé o
Correczicn 27 2 maifunctioning ciutch »oelant-prassure switon
shafts and ccupling teiween the ragnetis 2lutech arnd the
" [ the unit was ooasicsreld <o te
- hea

cells ané high bay arec o W

rour Nc.

phase, L400-cycle power from

The cables tie into thz system a+ thr Jjuncticn b_x on

the Building 187 high-bay area through a breaxer.

or. the west wall of the mazzanine power rocm in B

to the cells through individual brezkers znd ccntrol relays.

The ten reference junctic

provicded with 110-v convenience outlets.

Red and amber warning lizhts were insztzllied 2t &l

Jirances, and signal lignts were located at the

47 for SL-1 ana SL-Z2.

Installaticn of conduit a

air inlet damper solenoid valves was completed in

and wiring was also installed above cells 3A, 3B,

and smothering gas solenoid valve contrcl.

L conduztcrs vere insisliled o supply Buil

n boxes in the Ligh-tay arez were

L tuilding
personnel docors of cells 3B and
nd control vwiring tc 4tne 110 v
cells 1, 2, 3B, and LA, Ccnduit

LA snd 4B for the fire tlanre.

Table R high-temperature wire rated 300 v at 392°F,

control complex in the equipment ~oom and provided with 449 a-c power.

This wire was Rockbestos NEC, Type AIA,

The 28-v,dc power supply was located next *o the central

installation is approximately 70% comploted.

j6)
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The 110/206 v,ac, 220 v,ac, 3-paase anu -.0 v,a2, 3-vhasc
power panels are Deing installed in the eguipmen: rocm for distritutizn -7 2211
power.
cntrca wiring for SiL-1 in czell 3E was g=zrisd and s

SL-1 loop components in cells 3B and =4 Is ccntinuing,

Mechanical
contrcl panels we= completed znd has veen released for fsbricatisn.

are in documentation.
B. NUCLEAR SYSTEMS TESTING

3. Ground Profotype Test Fzcility

FEDAS system design, fabrice:

proceeding.

Work continued on laycuts of piping,
equipment pad, vacuum equipment, electrical equipuent, arnd instrumentati
Work concinued also on the elecirical power system, 2ontrol, insirumenta

vacuum system, and signal cond?itioning.

. - . Sy A .= - . o
Primary loop ané L/C loop hydraulic anelyses were initv

AEC initiated the mod

e
.
'-h
Q
[\
~+
b
[}

vacuum, control room expansicn, cooling capacity expansicn, and electiriz
expansion.
Liaison with Atomics In“ernational was continued on th

and installation aspects of the GPT¥ and the Test Suppcrt Equipment.

Pit Restcration) and Puase II (Control Room, Cooling System and Electric

Expansion) drawings have been received from AI.

Al drawings and specifications for the nuclear system

system have been received and are being reviewed.

cn
Fabricatior and assembly of the TDAS ars estimated to be 70% ccmplete.

al System

shak«down
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Request Ior Prcposal for the AT subecntract on the installation

TSE in “he GPTF.

A prelimirary ZIszcizn of ~h2 AGT Zest supporTt egaipment
(TSE) was ccnducted for £I, ASC, znd WASA. Spec.fiz Al juss-icns or TSE decign :
2cncepis were angwered.
2. Fiight Protciype Test Fzciiity
The Title I Repert (Preliminary Serv.ces For SNAP-& Flight
Prototype Test Facility, Building CSu, Santa Susana, Califcrniz) dated August
1564, arg Title T drawings have been received from AI ana are being reviewed.

C. TEST SUPPORT SERVICES

1. Data Reductior. Services
The medification of the contrcl rocw of Building 15¢ 72 accomnd date

an aavanced data Drccessing center has been completed znd occupied. Arrangemente
are currently being made to move the magnetic tzpe reader tc tnis locaticn and to

2stablish the requirements cf data storage in this area.

A purchase order for tw. snalcg data reduction systems (strip
chart readers) for the data prccess center is now in proszress.

In coordination with the Aerc /et Computer Sciences Division, .
bagic program for the DDAS Liz3 been developed using the IBM TC9L, This basic

program will permit maximum use of the memcry secticn and minimwrn time expenditur

[¢]

for program updating during test. This DDAS program is currently being verified

for “est use.

2. Chemical Support Services

a. Lubricant-Coclant Fluid

An order for Mix-UP3F ha, been purchased under AGC-.0%Z0 !

specification from Shell 0il Co., New York. The specifica.irn reguirss o i v o

kP { i
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ourity of 99%. Certified analyses supplied with the shipment stated the purity
as 99.6%. On the basis of expe .ence on this order, Shell 0il Co. has indicated
some changes for improvement o the Aercjet specificaticn. This is curreatly

being resolved and will result ir & mndification of the specification.
g

Evaluation of methods fcr recliaiming used or ccntaminated
Mix~4P3E ir an effort 1o reduce tire and costs has been completed. Briefly, the
method developed entails (1) agitating a mixture cf the Mix-4P3E with basic
alumina under high vacuum at 90 to lOOOC, and (2) separating the Mix-LP3E from
the alumiua by vacuum distillation. A high carbonacecus or solld content requires
an initial filtration over Hyflc -Super-Gel Celite followed by the basic alumina
treatment. This method of reclamation has resulted 1n a prccess that is approximately

one-third the cost previously encountered, and yields a more pure product.
b. NaK

Coordination with SNAP-8 Materials and System Engineering
Departments has resulted in the formulation of AGC-1.03L40 specification for

purchasing commercial grade NakK.
c. Mercury

Cocrdination with SNAP-8 Materials and System Engineering
Departments kas resulied in establishing AGC-10327 specificatisn for the purchase

of Ligh-purity mercury.

3. Planning and Procedures

The following procedures have been written in first preliminary

form, subject to approval before preparation in final form:

8. Procedure for Transducer Replacement or Installation,

TAA/GNES—l (TS-M-1001)

b. Fre-test Cleaning of Components, Equipment, and Raw
Material (TS-M-1002)

c. Accelervmeter Calibration Procedure, Charge Amplifier
(TS-1-2001)

Fuge VII-1C

e e —n




- o —

VII Tes* Fngineering, C (cont.)

a.
{Tg-1-2002)

€.
(TS-1-2003)

f.

g

ana Abcve (TS-1-2005
h.

4

~—

Report No. 0590-0--.7

Cailibration Prccedure - Voltron, Voltage - Current - Fower

System Calibration Strain Gage Transducers Below 100 psia

Calibration Procedure, Daytronic - LVDT (TS-1-200L)

System Calibration, Strain Gage Transducers 100 psia

\ A

System Calibration, Potentiometer Transducers (TS-1-2006)

Calibration Procedure, Dynamic Accelerometer, Portable

Shaker System (TS-1-2007)
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VIII. MATERTALS

A. STAFF SUPPORT
1. Component Design and Development Supvort (Task A.1)
a. Transformer/Reactor Assembly Heat Sink Joint

A tubular transition joint between aluminum and 304 SS is
required for connecting the lubricant-coolant (L/C) loop (304 SS tubing) to the
transformer-reactor heat sink (aluminum tubing). Direct joining of aluminum to
stainless steel by welding is not an established state-of-the-art procedure.
Several companies are working on the problem. One company - Nuclear Metals, Inc.,
Concord, Mass. - provided samples of a hot coextruded transition joint to Aercjet-
General for evaluation. Another acceptable transition joint using state~of-the-
art procedures was made by joining aluminum to copper using the coldweld (pressure
welding) process, then joining copver to nickel by TIG welding, followed by join-
ing nickel to 30L SS by TIG welding. Previously prepared lap and butt weld
samples had indicated that the copper end of the coldwelded part should not be
welded directly to the 304 sS. Metallographic examination of these samples indi-
cated a TIG copper~brazed joint with some Cu-SS elloying occurrirg in the joints.
A typical microstructure is shown in Figure 68. Microhardness traverse of the lap
and butt weld samples indicated that the hardness of the fusion zone was not
appreciably greater than that of the stainless steel {Ry 84 in the fusion zone vs Ry
78 in the 30k SS parent metal). However, two lap weld specimens developea cracks
through the stainless steel (Figure 69) initiating in the fusion zone, one
immediately following welding and the other during 355-hour exposure at 350°F.

The probable reason for the cracks was the presence of a precipitation hardenable
chromium-copper phase and a brittle iron-copper phase. It was concluded that a

nickel transition piece between the Cu and 304 SS is necessary.

The compatibility of the copper portion of this joint with
the Mix-L4P3E, the L/C fluid, is questionable. There is evidence that copper is
attacked in the presence of nuclear irradiation dne to degradation of the Mix-4P3E.

The degradation is not sufficient to detrimentally affect the properties ¢f the
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VIII Materials, A (cont.) Report lo. 0390-0Lk-17

Mix-UP3E. Berause of the potential copper corrosion problem, it is deemed neces-
sary to apply a protective metallic coating cver the copper to keep it from
contacting the Mix-LP3E. A program was started to evaluate three selected
candidate coatings: (1) electroless deposition of nickel; (2) "electrolyzed"
chrom_um (the method is a proprietary process of depositing crack-free, hydrogen-
free chromium); and (3) electrodepcsition of silver. Tubular transition joint
specimens of Al/Cu/Ni/%04 SS were prepared for ccating evaluation. The Cu/Ni
joint was completed using Monel (70Ni/30Cu) filler metal and the W /304 SS joint
was completed using Inco A filler metal. Figure 70 shows a sketch of the joint

to be evaluated.

Evaluation of & coldweld transition piece (ccpper/6061
aluminum alloy) was continued. A specimen (Figuce T1) which had been exposed at
3500F for 1500 hours showed a siight diffusion zone in the copper {0.00008 in.).
For comparison, Figure T2 shows the as-received specimen. No diffusion was de-
tected into the aluminum alloy side of the interface on the aged specimen. The
fracture faces of a tensile specimen were metallic gray. A comparison of tensile
properties of the joint in the as-received condition (Reference 13%) and %50°F

aged condition is shown below.

Tensile Properties of 6061-T6 Al/Cu Coldweld Joints

Condition
Agec 1500 hr
As-Received at 350CF
Ultimate tensile strength, psi 35,800 36,000
Yield strength, psi 33,150 -~
Elongation, % in 2 in. 21 2
Reduction of area, 7 70.4 4.4

The 14% reduction in area of the aged specimen (Figure T73)
is judged to indicate adequate ductility for the application. Thermal exposure

at 350C°F of a specimen for 3000 hours was started to determine if embrittling
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reactions are taking place. Based upon data generated to date, it appears that the
reaction is to strengtnen the aluminum ailoy by age hardening and thus .iove the

failure area from the alumiaum alloy to the joint interface.

A coextruded tubular transition joint specimen of aluri-
nw1 bonded directly to 304 88 was furnished by Nuclear Metals, In:., Concord, Mass
This joint would provide the simplest transition between the transformer/reactor
and the 1L/C loop. An aluminum to aluminum weld would be made on the transformer/
reactor side and a 304 88 to 304 S8 weld would be required on the L/C locp side.
This specimen was examined metallographically in the as-received ccndition (Tigure
74). Another specimen was examined after exposure in air at 275°F for 250 hours
(Figure 75). There was no significant diffusion resulting from the elevated-

temperature exposure.
b. Speed Control Terminal Leaders

Prototype 6061 aluminum alloy-copper ceramic terminal
leaders to be used on the speed control were received at AGC for process qualifica-
tion. All camples passed a helium leak test at an internal pressure of 5 psig.
Preparations were made for ultrasonic inspection of the bond area to determine if

any volds were present.

2. Fabrication Support (Task A.2)

a. Boiler Fabricaticn

The A-2 boiler surface (9Cr-1Mo alloy steel) was oxidized
during final stress relieving because of an air-contaminated argon furna.e at-
mosphere. An investigation into potential procedures for removal of the oxide
was conducted. The possibilities considered were: (1) cleaning all internal
surfaces with high-temperature Nak, (2) pickling using the applicable solutions
of Specification AGC-10226, (3) c .eaning with fused sodium hydride, (4) cleaning
by hydrogen at elevated temperatures, and (5) leaving the metal in the received

condition.

It was decided to use the boiler with the oxide layer

for two reasons. First, the other alvernatives presented varicus problems.
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Second, the TS-2B boiler (9Cr-1Mo steel) had produced superheated mercury vapor
after exposure of internal mercury tubes to flowing air for 1 hour at lBOOoF.

This exposure would have resulted in an oxide layer similar to that present on

the A-2 boiler. A vacuum stress-relieving operation was used to avoid an oxidized

surface on boilers A-3 and A-L4.

Boilers A-3 and A-U4 were degreased prior to stress re-
lieving, ur ‘ng a procedure slightly modified from that used for boiler A-2

(Reference ). The procedure modifications were as follows:

(1) With the boiler in the vertical position and the
mercury inlet at the top, the tutes were individually power flushed by condensed,

hot trichloroethylene (TCE).

(2) The tubes were then filled with TCE and gravity
flushed.

(5) The tubes were dried by room itemperature nitrogen
purge.
(4) The boiler was inverted so that the .ercury outlet

end was on the top, and steps (1) through (3) were repeated.

(5) The boiler was inverted once more to the oviginal
position and only steps (1) and (3) were repeated. Bech tube was capped to pre-

vent inadvertent recontamination by either the TUCE or the shop atmosplere.

Internal automatic tube welding was monitored at Western
Way. Prior to welding of the A-3 and A-4 boilers, detail changes were recommended
in the area of pre-weld cleaning and weld mechine settings. Subsequent weld
samples and additional boiler welds showed an improveme=wt in radiographic quality

and in weld contour.
b. Bellows Fabrication

Bellows assemblies are being fabricated by the Palmer
Company. They will operate at TOOSF with an internal pressure of 20 psi. This

component contains weldments of AISI 4340 steel and 9Cr-1Mo steel. A final
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closure weld of 9Cr-1Mo to itself is required. The standard SNAP-8 stress reliev-
ing temperature for 9Cr-1Mo weldments is 1350 i?SOF; however, the ACl temperature
for AISI 4340 may be 1300°F or slightly lower, depending on chemistry variations
and fabrication history. If the temperature of AISI 4340 components during stress
relief exceecds the ACl temperature, martensite transformation occurs during
cooling. The impact strength and ductility of the W5U40 would be reduced and could
lead tc service failures. Although an extra stress relief at a lower ilemperature
will temper the martensite and restore salisflaclory malerial properties, 1t was
decided instead that the stress relief of the final weldment on the bellows shall
be performed at 1225 +25°F - not 1350 +25°F. The use of this temperature avoids
possible martensite formation in the AISI 4340 and the necessity of a double

stress r1elief.

To determine the effect of the 12250F stress-relieving
temperature on the 9Cr-1Mo and on the AISI 430, a series of stress-relieving
treatments was performed on welded 9Cr-1Mo tube (1 in. OD by 0.109 in. wall) and
welded AISI 43L40 plate stock, 3/4-in. thick. Table 9 presents tie results of the
tesss. On the heat of AISI U3LO investigated, weld metal softening ccntinued
through 1%50°F and hardening occurred at 1L400°F. The one-point increase in hard-
ness as measured on the 1275°F specimens, is considered to be within experimental
error and not indicative of hardness. Definite hardening of the AISI L4340 parent

metal occurred when the 1L400°F stress-relieving temperature was employed.
c. Local Stress Relief of 9Cr-1Mc Joints

The connection joints of several components were locally
stress relieved using ths2 procedure described by Process Specification AGC-10338.
The experience of performing the procedure on these additional compon.nts led to

revisicn of the specification.
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The thermocouples were repositioned on the part. I. was
found most practical tn attach the thermocouples on the outer diameter of the weld
Joint by capacitance discharge welding ratiier than attaching them to the inner

diameter of the weld Joint. Greater accuracy in temperature measurements resulted.

Provision for additional cooling of the Conoseal flange
through use of an internal cooling coll was aw.?2d. The requirement for keeping
the flange temperature helow 5OOOF is 1ifficult to meet when the weld jJoint is
only 3/L in. from the flange s aling surface. Temperatures of h950F had been
encountered on some flanges. 1In the event that for some configurations the SOOOF
maximum temperav.re could not be maintained, additional internal époling would

be necessary.

The 9Cr-1Mo Conoseal flange welded joints of the A-3 boiler
and A-1 and A-2 mercury IMA were locally stress relieved in accoruance with ‘
Specification AGC-10338 using induction heating. To avoid inductor overheating,
which occurred oceasionally in the past, valve and line restrictions_in ﬁhe

incoming water coolant lines were removed.

Inductior heating was alsc empioyed to stress reiieve
welded joints of 9Cr-1Mo to 316 nipples on two Chempump mercury inlet and ourlet
lines. The pump bodies were maintained below lSOoF during the 13500F stress
relieving operation by flowing water through copper tubing wrapped around the

base of the inlet and outlet mercury lines.

An electrical resistance clamshell heat-r was employed
to locally stress ielieve a welded 9Cr-1Mo to 315 joint at lBSOOF for 1 hour ot
on the mercury inlet line of RPL-2. Argon was flowed through the boiler inlet- e

line during heating snd cooling.
d. Electrical Comm™onents

Sample welds werc prepared representati : of two
configurations of ccpper braid to copper termincl connectlons for the transformer-
reactor assembly, These ssmples were sectioned and it was determined that ‘the
procedure used provided satisfactory weld penetrdtion as shown in Pigures 76 )

and T7.
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Sample work was accomplished on Jjeining of rectifier
terminals (diodes) for the transformer-reactor assembly. The two terminal
materials being joined were alloy 52 (52% Ni, 48% Fe) and oxygen-free copper.

Metallographic samples (Figure 78) indicated satisfactcry joints. They are

. primarily TIG brzzed with a sma.l amount of fusion cccurring between the two

materials. To facilitate assembly of the diodes, a dummy section ¢f the -1
mocel speed conirol mcdule was prepared. Using this durmry, it was possible

toc develop heat sinks and an assembly sequence for the module. Thermcesuples
were attachel to several dicdes to determine the temperatures reached at
sensitive pertions of the diodes during welding. The heat sinks satisfactorily

maintained diode temperatures below EOOOF, the permissible maximum.

3. Specifications

The following specifications were issued or modified wuring

the repcrt period:

AGC-10354 - "Development Material Specification, Steel, Bearini,
ATISI M50, Requirements for"

AGC-10319/2 - "Degreasing of Non-Precision SNAP-8 Components
’ and Systems, Procedure for"

AGC-lO}lO/B - "Aeid Pickling of Non-Precision SKAP-8 Components
and Systems, Procedure for"

AGC-1022T7 - "Welding, Fusion, SHAP-8 Materials"

AGC-10331 - "Electrical Connectcions, Inert-Arc Welding of,
Procedure for'

B. SYSTEM FLUIDS EVALUATION (Task A.k)

1. Fluid Analysis Procedures

Aralytical methods for evaluating the Mix-LP3F were established
through a laboratory program which was completed during the repcrt pericd.

a. Gas Chromatographic Determination of Isomer Ratios
and Volatile Impurities

"A methci was selected for identification and gquantitative
analysis of the isomer dishribution in the fluid, and to establish the identizy

and quantitative distribution of volatil s -nd possible homelogues.
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Three potential partitioning fluids were evaluarted.
These were Dow Corning DC-710, Dow Corning High Vvacuum Grease, and General \
Flectric SE-52. The DC-T10 fluid was unsatisfactory because it resultedl in

1

"bleeding,” which is the emission of volatiles from the column fluid caused

by thermal breakdcwn. These volatiles fog the results of the volatiles contained
in the Mix-4P3E. The SE-52 fluid was selected because it gave better ond
sha?per‘resolution of the isomers than the High Vicuum Crease. The developed
procedure will be issued =s part of Aerniet 3tandard AGZ-S71-2003, "Chemicals

1"

and Materia:s, 3ampling and Testing
b. Halogen Analysis

A satisfactory analysis procedure fcr determination of
total hzlcgen content (allowsble up to 0.05%) was estaeblished. The methcd is

a modifiecation of ASTM-D1317-57T, "Method of Test of Chlorine in New and Used

Lubricants.” 1In this method, a toluene solution of the sample is refluxed with
sodium metal in the presence of a small zmount of butanol. This converts the i
halogens tc an easily ionizable sodium salt. Reproducible results were cbiained
during the test program. This method will be incorporated into AGC-STD-3003

o 1

as Method S€OL, "Halogens in Orgaric Compounds, Deteimination of. 1
c. Phenol Analysis

Phencls and other acidic meterials in the Mix-LP3E
will be determined by nonaqueous titration. This method consists ¢f dissolving
the sample of Mix-4P3E in pyridine and titrating to a visual cr potentiometric
endpoint with 2 standard solution of potassium hydroxide in isopropyl alcohol
{nonaqueous soluticn). The prccedure is being incorporated into AGC-STD-3C03
=s Method 5106.1, "Acids, Very Weak, In Organic Compounds by Nenaguecus

Titration, Determiration of."

2. Materials Compatibility

A review nf available literature on tha ~ompatibility of copper
and polyphenyl ethers was maée and a memorandum iscued. The conclusions from
the data were (a2) in a nouradiaticn atmosphere, SNAP-8 conditions shouléd nct
affect either the copper or the polyphenyl ether, and {b) in an irrndintion

atmosphere, copper is attacked.
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VIII Maierials, B (cont.) Repcrt Neo. 0390-04-17

3. Post-Test Fluid Analysis

The Mix-4P3E used during the modified endurance “ozt ol Lue
lubricant -coolant pump motor (L/C PMA) was analyzed after 500 hcurs. A sligh-
decrease in room-temperature viscosity (from 205.5 to'l97.2 centistokes) and an
increase in pour point /from 15 to 520F) were observed. There was no chuange ir
isomer distribution or impurity content. The increase in pour point may be a

manifestation of a change of the fluid away from supercocling towards crystallization.
C. BOILER MATERTIALS AND FABRRICATION DEVELOPMENT

1. 9Cr-1Mo Weld (Task D.1.a)

The objective of this task is to costablish the gross strength
eff.ciency of 9Cr-1Mo steel welds by eleveted-"emperature, *ensile and creep-
rupture tests at 13250F, the approximate maximum operating temperzture =f the

boiler.

Eight sheet specimens of 9Cr-1Mo material are being tested

ir air at 13250F, as deserited in the preceding quarterly report (Reference k).

Calibration of the furnaces in the creep machines was

completed and four tests were started.

Creep Tests on 9Cr-1Mo Alloy Steel

Specimen No. Condition Stress, psi
1 Transverse weld at the center of the 2300
gage section
6 As-received 2300
Transverse weld at the center of the 1600
gage seccion
5 As-received 1600

Specimen No. & ruptured after 1070 hours of testing and the
remaining specimens have accumulated 1290 hours of cime at their respective

test conditions.
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2. 9Cr-14o/316 SS Bimetal Tube (Task [.1.d)

The objective of this task is to establish the availability of a
bimetal tudbe comprised of nonrefractory, coaventional materials. Tnis tubing will
be evaluated to establish its utility as a backup materizl tc the SCr-1Mo steel

mercury-containment tube for boiler service.

A capsule corresion task was initiated during the report period
to determine the mercury ccrrosion resistance of welded joints in bimetallic
9Cr-1Mc/Type 316 stainless steel and b/Type 316 stainless steel tubing. The
tubing was supplied by Nuclear Metals, Concord, Mass., and it was fabricated
using tne hot extrusion cold drawing process. The refluxing capsules (Figure 79)
will be operated so that one welded joint is below the mercury boiling interface

and the second welded joirt is in the area where mercury vapor is condensing.

Eight capsules will be tested as cutlined below. A set of
capsules will be removed and evaluated after 1000 and 2000 hours of exposure
at llSCOF. One extra capsule body of each item listed will be made so that
unexposed welds ca: be evaluated and compared to welds exposed to mercury in

the capsule welded joints.

Mercury Reflux Capsules

Number of Method of
Item Capsules Material Fabricated by Welding
1 2 9Cr-1Mo /31658 SNAP-8 pivision, TIG (Tungsten
Bimetallic tubing Von Karman Center inert gas)
2 2 9Cr-1Mo /31683 AGN TIG
Bimetallic tubing
3 2 Cb/31688 Airite Products, Electron
Bimetallic tubing Los Angeles, Calif. beam
L 2 9Cr-1Mo AGN TIG
Unclad

The capsules fabricated from unclad 9Cr-1Mo tubing will be
used for control samples when evaluating the 9Cr-1Mo/316/SS clad tubing welded
joints. All capsules will be heated in the SNAP-8 capsule test furnaces describaed

in Reference 1lk.
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During this report period the eight capsules and the extra
capsule bodies were fabricated. Eight capsules were filled with mercury *o the
level indicated in Iigure 79 and evacuated to 2 vacuum of less than 1 micron.
The fill tubes on the capsules were pinched while the capsules were under vacuum
and seal welded. The capsules were loaded inio one furnzce and 218 hours of exposure

at llSOOF were completed at ‘he end of the report period.

3. 9Cr-1Mo/316 Transition Joint Development (Task T.l.e)

The cbjective of this task is to evaluate welded transition
joints connecting 9Cr-1Mo steel anl 316 SS using 310 SS weld-filler metal. Such
2 Jjoint 1is regquired at various interfaces between the first three lcops of the
SNAP-8 system. The joint wmust withstand extended service at a maximum temperature
of approximately 13250F (et the mercury-superheated-vapor manifold of the briler).

The specimen and plarned exposure test are described in (Reference 3).

The startup cycle phase 0° the evaluation was completed. Measure-
ments made on the specimens after the simulated startup phase gave nc indication
of creep. The endurance testing phase was started and 1454 hours of exposure were
accrued during the report pericd. The conditions of test are described in Figures

80 and 81.

b, Refractery Bimetal Tube Material Development (Task D.1.f)

The objective of this task is to establish the availability of
refractory-bimetal tubing as a backup for mercury containment in the SNAP-8 system
if experience indicates that 9Cr-1Mo steel (the present reference material) does
not exhibit sufficient mercury-ccrrosion resistance for a life orf 10,000 hours.

If direct-bonded tubing {refractory to 316 SS) cannot b= fabricated or proves
tc be unusable because of elevated-temperature diffusicn effects, a source is
to be develuped for refractory-bimetal tubing fabricated using an interfzce

material or materials between the refractory and the 318 SS.

Thermal exposure of multimetal bonded specimens from Nuclear
Metals, Inc., Concord, Mass., and from Metals & Controls, Inc., Attleboro, Mass.,
was completed. The specimens were placed in storage for future evaluation. Included

are bonded specimens of each of the following systems which were expcsed ot .7°0

and thOOF in a vacuum of 10-5 Torr for 500, 1000 and 2500 hours.
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Cold-Bonded Flat-Sheet Specimens

Cb/316 S5
Cb/Fe/31€ SS
Ce/V/Fe/31¢ S3
Cb/M=/Ni/31€ 88
Co/Cu-1/kZ2r/314 88
Ta/Fe/316 5

2]

O

55

g
el

Ta /Mo /Hi/31
Cb~1Zr/316
Cb-12r/Fe/315 38
Co-1zr/V/Fe/316 SS
S

o~
<
o

197

!

Co-1Zr/Me/Ni/ 316
Ta /316 S8

T /V/Fe/31€ SS
Ta/Mo/Cr/316 85

S

Crextruded Round Srecimens

Cb/?16 88 Tube

C»/V/Fe/316 SS Bar

©

5. Refractory Bimetal Brazing Development (Task D.2.b)

The objective of this task is to develcp a procedure for producing
a welded and back-orazed tube-tube sheet joint. The tuve and tubte sheet are bcth
constructed of a refractory/316 SS bimetal system. The jeint must be so dasigned
that mercury flowing in the tube shall be expcsed only to the refractcry. Pyromet
Co., 3an Carlos, California, is developing a joining procedure under a SNAP-8

subcontract.

Flat Cb/316 SS bimetal tube sheet specimens were fabricatea
by Pyromet for back-brazing development. An intermediate layer of iron was used
to provide a transition of thermal expansion coefficients across the vond area.
This transition was deemed necessary because of previous unsuccessful attempts to
produce a bond betwzen the 0.050-in.-thick (b and the 0.250-in.-thick 316 &o. A '
97.2 Au-2.8 Pd braze alloy was used a“ the Cb/Fe interface «nd 2 50 Au-20 Nl oo
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VIII Materials, C (cont.) Report No. 0%390-0L-17

alloy at the Fe/516 SS interface. The layers wer=s braze-bonded using the Horton-
Clad Process.” A cooling rate of lOOOF/hour from the bonding temperature, EOOOOF,

was used to further minimize the possibility of bond separation.

Four sets of machined tube-tube sheet joint specimens were
prepared Wy Pyvromet and shipped to the Aerojet Von Karman Center. Thesc specimeus
consist of Cb/316 SS bimetal tubes and the multi-metal tube sheets described above.
The joint configuration is shown in Figure 82. These specimens are to be seal
welded on the Cb side by Acrcjet-General and then returned tc Pyromet for develcpment

of the back-brazing technique.
D. MERCURY CORROSION LOCP PROGRAM

The purpose of operating the dynamic corrosion loops {1/16th scale)
is to determine corrosion and mass *transfer patterns in the mercury and NaK loops
ot the SNAP-8 system. Corrosion Loops 1 and 2 were ccnstructed of Haynes 25 alloy.
Operation of the first loop has been completed (Reference 15), and the second loop
has been converted into Component Test Loop 2 (77w 2, which is being operated to
check the performance of certain ccmponeuts to'be used 1. subseguent loops.
Corrosion Loops 3, 4, and 5 are constru. ed with 9Ci;-1Mo as the mercury containment
material. The NaK primary loop is cor . ucted of ~ISI Type 316 stainless steel with
a section of chromized Hastelloy N i e high-temperature area, and a cection of

Hastelloy C in the low-temperature are. .

1. Ccrrosion Loops 3 and -

a. Fabrication
(1) Components

The fabrication of the components for the NakK
purification system for the primary and condensing loops of CL 4 was completed.
The fabrication of the liquid corrosion product separator for CL 4,described in
Reference 4, was completed. The material used in construction of the liquid

separator was 9Cr-1Mo except for the columbium and iron wool.

*

A proprietary process of Chicago Bridge and Iron Cc. whereby two or more metals
are bonded by exposing the assembly composite to a high temperature under v: v,
A braze alloy is utilized betweeon the surfuc.s to be bone .,
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(2) Assembly

The assembly of CL 4 continued throughout the quarter.
The assembly and welding of the NaK primary and condensing system was completed and
the assembly of the 9Cr-1Mo mercury system was 50% completed. The hot trap in the
NaK purificatior. <ystem of CL 4 was not installed since the experience with CL 3
indicated that the oxide level in the NaK could be controlled with the cold trap.
The turbine simulalor valve between the blade mockup and the condenser iniet was
not installed in the mercury system -f CL L since operation of CL 3 chowed the
valve was not necsssary.

The two mercury Chempumps scheduled for installation

in CL 4 were shipped to the SNAP-8 Division at Von Karman Center for use as backup

pumps for Rated Power Loop 2.
b. Operation
(1) NaK Systems

As reported in the previous quarterly report. the
oxide level in the primary NaK system of CL 3 was reduced to 19 ppm by using the
cold trap only. A plugging valve was used to determine the oxide level. The
oxide level in the primary NaK system of CL 3 was determined three times during

the report period.

Oxide Level in Primary Loop of CL 3

Operation Time (hours) Oxide Level {(ppm) Remarks

100 38 Cold trapped (2507F)
4 hours oxide level
reduced to 18 ppm

530 20
1130 < 20

The loop overated steadily at all times, and nc
problems were encountered in keeping the oxide level at 20 ppm or less. The
oxide level determination made at 1130 hours was done while the mercury system

was operating.
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The condensing NaX system operated satisfactorily

during the report periocd.
(2) Mercury System

The operating conrditions of the mercury system cf

CL 3 are summarized in Table 10 and Figure 83. Table 10 shows selected state points

around the system at various times from the start of mercury boiling. Figure 83
is a daily plot of the mercury boiler outlet temperature, the mercury saturation
temperature that corresponds to the boiler outlet pressure, the mercury flow rate,

and the effective flow area of the choked nozzle.

Mercury boiling in CL 3 was restarted on 17 May,
but superheated mercury vapor was not obtained immediately. After a total of
195 hours of operation, a sudden increase in the mercury boile:r outlet temperature
(on 22 May) indicated that superheat conditions were achieved (Figure 83). The
temperature increase occurred when the loop was operating stably. The adjustable
choked nozzle was opened slowly to lower the boiler outlet pressurz over an
8-hour periocd just prior té the first indication of improved boiler performance.
The initial increase in the mercury boiler outlet temperzature was accomplished in

1 hour followed by a gradual improvement in boiler performance.

The maximum boiler outlet temperature recorded was
1210°F with a boiler outlet pressure of 265 psia (1265°F, 265 psia are rated
conditions). The loop operated at this condition until 29 May when a momentary
electrical power failure caused the loop to shut down. Mercury boiling was
resumed 10 hours later and superheat was not achieved until 3 hours after the
boiling was started. The boiler output temperature did not reach the IQIOOF

temperature previously obtained (see Figure 83).

~

The loop was shut down on 1 June upon failure o1 the
mercury flow control system. During the loop shutdown the mercury inventory was
forced to the expansion tank and the loop was pressurized with argon. It was

found that the mercury flow contrcl problem was due to the rupture of the diaphragm

in the differential pressure transduce:r that measures the pressure difference zacross

the Venturi flow meter. Rupture of the diaphragm was caused by a line pressur.: surge
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when the mercury pump was started. The differential pressure transducer was
replaced and the operating procedure was moditied so that the differential pressure
transducer did nct experience the initial pressure surge when the mercury pump was

first started.

Mercury boiling was started or 192 June, lollowir~
the procedure for loop startup given in the previous quarteriy report. Superheated
mercury vapor was obtained immediately with & mercury tciler outlet temperature
of LOBOOF at a saturation temperature of 96OOF. During the initial operation, a
low-pressure condition at the pump outlet caused the automatic switchover system
to activate the standby pump, causing a pressure surge in the mercury line. This
surge damaged the differential pressure transducer causing the mercury flow control
system to fail. After this time the mercury flow rate was controlled manuaily and
the mercury flow rate was calculated from a heat balance across the mercury pre-
heater and the mercury boiler. The manual control of the mercury flow accounts
for the changes in mercury flow shown in Figure 83, After stable operation was
achieved, the mercury flow rate was increased gradually. This resulted in an
increasing boiler outiet pressure, but the hoiler outlet temperature did not
increase. It was then necessary to open the choked nozzle to maintain some degree
of superheat. This condition lasted for approximavely 200 hours until 30 June when
the flow rate was redpced intentionally o try tc increase the degree of superheat.
When this was done the degree of superheat increased from 50 %o 200°F and it was
necessary to close the choked nozzle to maintain boiler outpuc pressure. This

sequence can be followed on Figure 8% between the 19 June startup and 4 July.

The mercury flow rate and boiler outlet pressure
were then adjusted until the rated boiler cutput pressure of 265 psia was
obtained. The maximum boiler output temperature reached was 1210°F &nd the

loop operated at these conditions throughout the remainder of the report period,
(3) Discussion

Boiler performance, showing the improvement that
occurred during CL 3 operation, is plotted in Figures 84, 85, £ad 86. The dnta
for these figures were taken before superheated mercury vapor was obtained
(Figure 84 - 19 May) immediately after superheat conditions were obtained

(Figure 85 - 23 May), and when the maximm mercury outlet tomperature was fi:oi
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reached (Figure 86 - 29 May). No explanation can be given for the sucden increase
in boiler perfcrmance noted on 22 May nor for the constant improvement in
performance with time. Previous experience with forced convection mercury boilers
has indicated the need for a "run in" period for some beilers before superheated

mercury vapor is produced.

During the operation of the mercury beiler in CL 3
there was nc temperature drop in the NaK temperature in the last 3 or 4 ft of
the boiler inlet plug section. The heat transfler in ihis plug region of ihe
boiler is lower than was predicted in the original design by a factor of almost
2. The calculated heet flux in the plug region from Figure 86 is lB,llO/Btu/hr~ft2
while the predicted value was 35,000 Btu/hr-fte. It is possible that an incrasse
in boiler performance could be achieved by changing the geometry of the inlet plug

to give a higher mass flow rate in the plug region of the bciler.

As shown in Figure 83, it was necessary to c,en
the choked noz:zle between the 19 June startup and 25 June to keep the boiler
outlet pressure from increasing. It was hypothesized that tuildup of ccrrosicn
products started soon after the startup because the degree of superheat was small
(approximately 50°F). When the boiler was operating in this condition the area
in the boiler available for drying the mercury vapor was smsll, and apparently
corrosion products were carried over with mercury droplets, depositing them in

the nozzle.

When the mercury flow rate was decreased cn 30 June,
the degree of superheat increased to approximately EOOOF. After this, it was
necessary to close the nozzle gradually to maintain boiler outlet pressure even
when the mercury flow rate was subsequently raised. Apparently when the superieat
increased the area in the boiler for drying, the mercury vapor increased so that
the mercury droplets did not carry over corrosion products that deposited in the
nozzle. Instead, the corrosion products either deposited on the boiler tube wall
before reaching the nozzle or were carried through the nozzle without sticking.
Finally, when the corrosion product tuildup stopped, the high-velocity vapor must
have eroded away the deposits. This canh be followed for the period 30 June to
7 July in Figure 83.
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During operation of CL 3 to date the boiler has
not achieved rated superheat temperature (1265°F). This is not expected to
alffect the total amount of wercury corrosion in the boller since the rated mercury
boiling temperature (1CT5OF) has been achieved and corrcsion by superhealed mercury

vapor is considered negligible. However, the corrosion pattern in the boiler may

be shifted becavse of the poor performance of the inlet plug region of the boiler.
| - c. Evaluation

The purpose of this task is to evaluate the lNaK and mercury

systems of the corrosion loops for mass transfer and corrcsion patterns when loop

N
operation is completed.
A metallurgical evaluation procedure‘was outlined in rough ‘
draft form. The preliminary metallurgical evaluation of as-received samples of :
i P
- materials used in the construction of the locp was started. “ Lo
. i
. I
2. Corrosion Product Separator Studies . toy
The leak on the NaK side of the boiler in CTL 2 was repaired and : ;ﬁ
the boiler was refilled with WaK. When the boiler was started the NaK level system : {__
would not function properly, apparently beccuse of an oxide plug in the line from f
the hottom of the boiler to the level tank. Attempts to dissolve tue plug in the B
line so that the level system would operate were not succescful. Since the boiler ;

would not prcduce superheated mercury vapor during its last run, and because the
problem with the NaK level system could not be corrected, it was decided to replace
ihe boiler assembly. A spare Haynes 25 boiler was installed of design similar

to t » ~ne in CTL 2.

The loop is scheduled to be started early in the next quarter
5o that testing of the vapor phase corrosion product separator, described in

the previous quarterly report, can be completed.
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IX. CLEA:N ASSEMBLY AND OVERHAUL CPERATIONS

- Upon completicn. the Aerojet Von Karman Center new clean assembly and overhaul

facili=y {Figure 87) will provide a completely integrated capab.iity for the

\

2]

assembly and overhaul of precision components an® romplete SNAP-8 power ccnversicn

systems. The nigh-bay final assembly area in Building 179 is scheduled ror

-

completion during September 196k, Upon ite completion in the sprin

o At 1068 . the
ng 8 g of 1965, the

t-

rew component assembly erea in Building 179/112 will replace the in.erim clean

issembly area now in use in Building 1&3.

The 'high-bay “inal assembly area consists of two 20 ft by 20 ft clean

- assembly (_:ells with associated sipport area. High-efficiency filters are designed
*  to_provide the assembly cells with an environmental cleanliness equal to or cleaner
than Ciass 100,000 of Federal Standard 209 (Level 5 of AGC-STD-1191, Figure 88),

- - quriﬁg final assembly operaticns. During prelimina:y assembly of power conversion

.

S wosire |
g .
.

T

E, - systems (PCS-l, PCS-2, etc. ), two of the plastic curtain sides may be rolled back
. * %0 provide-free acress under normul, less restrictive operating conditions. A

& o . ’

1 two~speed, two-ton capacity bridge crane in each assembly cell provides for

3

= precision 1lifting to z height of 21 fx.

-

Lf o The component assembly area of approximately 30 by 50 ft is being dcsigned

W)

‘ for an overall cleanliness level equivalent to Class 100,00C with Class 10,000
(Level 4 of AGC-STD-1191) or cleaner to be provided by the laminar flow work

N ey

L

stations. Experience with the present interim clean assembly area in Fuilding

) 183 has shown a- consisteat capability of achieving enviroamental particle

~ -concentrations up to 20 times lower than the abov: ncminal design cleanliness

. . - levels. - - -

Bt

The' interim clean room (Figure 89) iu Building i€3 has been successfully

i
e L7 cperated for several months at cleanliness ievels equivalent to, or cleaner than,
E Class 10Q0 of Federal Standard 209 (Level 3 of AGC-STD-1191, Figure 88) during «
assembly operations‘. " Delays in receiving certified temperature and humidity
E ;.Vrf-*s;uinvg equipment delayed formal certification of the clc in assembly area until
e : /’ﬁ ,tgmbei 19€N. Operatiops are pe;fcrmed in aécordance with spescification AGC~?.(?556 ,

E { -~ “uhich was released on L June 196k.
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IX Clean Assembly and Overhaul Operations (cont. ) Repert No. 0390-0k-17
Degreasing and ultrasonic cleaning equipment uses Freon PCA as the cleaning
agent for immersible components. During September 1964 a 20-gpm system will be
completed which will circulate filtered Freon for cleaning large items and pining
systems such as the test loops and complete power conversion systems. In addition
to complete precision assembly and measuring equipment, the clean assemhbly area is
equipped with a helium leak detector, a halogen lezk detector, and a Gisholt
balancing machine. Operators are certified for btalancing of precision rotating

components.

Page IX-2

4.,
i .

.

g 1 Wi

o

S e,



A

N ey

SER MR e Rmy  pey

[RENTP Ty s | gmw
. v

[T

poarahie g

Dasrem AR
»

A D—ray
' ¢

w‘mu-\‘

Lnnan SN st}

Report No. 0390-0L-17

X. RELIABILITY
A. MANAGEMENT AND PLANNING

Meetings were held with Mr. F. Spiegl (NASA-LeRC)-where such %opics
were discussed as (1) Reliability Program Plan (AGC Report No. 2406); (2) the
coordination of activities between AGC and AI; (3) proposed revisions to NASA
Specification 4iT-4; (4) planned FY 1565 Relisbility Program; (5) Failurc ..nalysis
Reports 1146 and 1148, SNAP-8 Division Procedure VI-A6, "Deviation/Waiver” {(Second
Draft); and (6) the NS Reliability Program Requirements. A preliminary revised
draft of the Nuclear System Reliabtility Frogram Requirementé (343:R-64-0120) was
coordinated with W. Brown (NASA-LeRC), the EGS Project Office, and SNAF-8 Quality
Assurance and Program Control Departments. This was dcne to assure the reflection
of informal NASA suggestions in making the document compatible with the unieleased
Revision A of NASA Specification 417-UA, current ccncepts of the SNAP-8 EGS Project
Office, and possible interfaces with SNAP-8 Guality Assurance. This draft was
finalized on 1€ Augﬁst 1964, and will be submitted to NASA-Lewis for approval
during the next report period. .

Relisbility documentation requirements pertaining to testing were
rresented at the Weekly Test Engineering Seminar. Reliability consi erations were
discussed with cognizant personnel on the development of an optimur component
checkout test program. Coordination meetings were held to improve the correlation
between test reports and test requests. It was recormended that those test
requesss and test reports issued after February 1964 be reviewed to assure
conformance with SNAP-8 Division Procedure VI-Bl, "Test Plans, Specifications,

Procedures, and Reports,” issued 24 February 196kL.

An investigation was made of the NASA QA audit results pertaining to
reliability. Results of this investigation were submitted to SNAP-8 Progiam
Control. The recommended revision to Division Procedure VI-B4, "Test Equipment

1

Fabrication Requi.ements,”" was coordinated with Program Control.

B. RELIABILITY SYSTEM STATISTICAL ANALYSIS

Technical Memorandum No. TM:343:64-3-232, "SNAP-8 EGS Reliability

1

Apportionm ¢ Methodology ahﬁ Meteoroid Survivebility," was upgraded and publighed.

Coordinatio: efforts in relation to GPTF NS/PCS integration were continued. Design
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X Reliability, B (cont.) Report No. 0390-04-17
review studies of the NS/PCS integration were conducted. Analysis of the NS/PCS/GES
test sequencing continued, including NS interface and related safety consideraztions.
The NS/PCS apportionment was reviewed regarding failure rate apportionment and
reapportionment upgrading. An investigatior. was conducted relative to the impact

of changes to the NS and PCS reliability requirements in relationship to the
specified NPS reliability recuirement of 0.90 (NASA Specification LI1T-1A, pre-
limirar:; draft). The analyses indicated that although the revised srecifications
did not change the overall reliability requirement for the EGS, a specific reliability v
requirement for the NPS (0.90) was imposed. This constraint causes a significant
change in the reliability values vreviously apportioned to the NS, PCS, and

FRA.

The reliability analysis of the parasitic load resistor was upgraded and
coordinated with cognizant perscnnel. Reliability Action Pequest No. 199 was issued
requesting specific review of welded structures, pctential elimination of half of the
tute weldments to srnace, and rsduction of the number -f elements per leg. A
statistical review of the parasitic load resistor design presented by Heat Engineering
and Supply Company was performed; recommendations were directed to the responsible

design engineer.

The reliability failure mode and effects analysis procedure iacluding
general format, detailed instructions, legic diagrem, nu.srical allctment, and
minimum reliability cor -'nent requirements was upgraded; finalization will be

completed during the next'report period.

A reliability data search was initiated on several hardware components
pertaining to their use in the ECGS. A [fcagibility study of using Weibull distribution
for bearing design and life requirements was initiated. Particular emphasis was

placed on the development of techniques that are applicable to reliabilities greater

than 99.9.

The preliminary draft of the upgraded reliability procedure for 1l
specifying required safety margins and design life was completed and distributed

for review. Applicable recommendations integrated into this procedure included

nominal values for the cese of normally distributed st @sses and normally

distributed failure distributions. - , ' )
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X Reliability (cont.) Report No. 0390-04-17

C. REL.IABILITY DESIGN ENGINEERING

The PCS decign review check lists for systems-loops and components were

issued fer design review use.

Reliability personnel attended .he final design review meeting on the
mercury injection system, as well as the preliminary design review meeting or the
expansion reservoir. The design review of the condenser rclled taper tube program

and subceguent presentation to NASA was alsc attended,

Specific design review questions pertaining to the S8DS final design

review were prepared and submitted to the EGS Project Office.

The parasitic load resistor design review was held with cognizant

SNAP-8 personnel and@ the vendor to review the current design status.

The insulating tape used on the L450-kw electric heater element connection
repair was reviewed and approved. The bearing cavity test results weie reviewed
with the design engineer. . PCS-2 condenser drawings were reviewed and applicable
reliability recommendations were mad=. These recommendations were scheduled to be
incorporated as "A" changes. Previously issued reliability recommendaticns
perteining to the detail prints of the turbine were reviewed to check the
ccordination between Reliability and Design Engineering. Reliability liaison

on NS/PCS integration was continued.

Relisbility's participation in the RPL-2 Task Force activities
included (1) RPL-2 NaK primary and HRL system installation checkout and engineering
review; (2) roview of piping fiexibility analysis on spcols (3T7k-6L-206-216, and
-226), piping stress analysis, instrumentation, piping layout, and design prints
(including the analysis received from AETRON and C. F. Braun Corporation's analysis
for lines 1, 3, and 6); (3) lire 1 hanger anaiysis review (by type and location);
(4) pipe hanger and support installation; (5) review of the- L/C system, nsing
GNZS-l experiz=nce [specific corrective action (ET-378 and weter piping) was‘
requested; this RPL-2 L/C system was subsequently approved for system checkouts] ;
(6) engineering surveillance during dry and wet cne.ncut ¢f the NaK primary system;
(7) review of the mercury covel gas system and liquid mercury lines; (8) addition
ot a direct vent valve to the HRL NaK expansion tank; (9) installation of iﬁsula*ion,
hengers, and restraints to the HRL and mercury piping; (10) task force follow-up
during loop operation; and (11) definition of RPL-2 rework réquirements necessary

prisr tc further operations. -
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Requirements fcr the pressure gage indicating NaK level in the primary
and HRL expansion tanks were cocrdinated with test personnel. The design of the
3-position electric contact pcle level indicators for the primary NaK tank and
HRL expansion tank was reviewed. The modification of the cuntrol consele to include

dynamic gages for improvement of loop operational control was reviewed.

A coordination meeting cn AGC Specification 10356 ["Motnr Assembly,
HRL (-X Model) Design Configuration 095367-1, Assembly and Inspecticn :f“] was

attended, and reliability requirements were included for publicaticn.

Three-hundred and ninety-nine design drawings were reviewed, and
reliability recommendations were coordinated with cognizant personnel. Twenty-twc
specifications were reviewed, including development compeonent specifications
AGC 10281 ("Inverter, Rotary, Hermetically-Sealed"), and AGC-1026L ("Contactor,
SNAP-8"). Applicable reliability recommendations concerning sll specifizations

were coordinated with the cognizant engineers.
T. OPERATIONS LVALUATION AND FAILURE ANALYSIS

Three-hundred and forty-one test equipment drawings and one-hundred
and five inspection documents were reviewed, and reliability requiremgnts
coordinated with cognizant engineers. Reliability personnel participated in the
engineering review of the PCS-2 expansion reservoir test request. Specific
religbility requirements ard comments were discussed and were included in the test

request as applicable.

Trie RPL-2 loop operation and checkout procedure, RPL-2-005 through
-N11, -022, -023, and -02l., was reviewed and approved. The cold-gas electrical
system test procedure (Rev O) was reviewed. The test preccedures for the auxiliary
start loop heat exchanger and the -1 boiler assembly to be tested in the RPL-2 were
reviewed. Reliability personnel participated in the preliminary design review on
the LNL-3 reuesign, and presented reliability considerations. The NASA audit of
QA activitizs regarding interface with reliability requirements was assesced aﬁd
preliminary recommendations submitted to management. The -1 model boiler test

procedure and six RPL-2 shakedown procedures were reviewed.
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X Reliability, D (cont.) Report No. 0390-~-0L-17

Three Reliability Failure Reports (RFR) were issued and distributed to
NASA concerning incidental equipment failures at AGN on the mercury corrosion loop

No. 3.

The test request and test procedure for tne GNQS-l test loop, including
TAA No. 1, were approved. Two failure reports (RFR 1084 and RFR 1085) were
processed concerning GE-installed alternater thermocouples which failed during the
first TAA test. Investigation Ty the Reliability Deparwment of RFR 108L revealed
that the turbine tarust seal (Spirolox) retaining ring had worﬁed cut and was
rubbing against the first-stage turbine wheel and the antirotation pin had slso
worked out and was missing. The turbine inlet housing was reworked by the SNAP-S
Assembly Depertment. ZFollowing reassembly of the housing to the TAA assembly in the
GN,S-1 loop, Test Run D-5-R-8 was performed on 18 June 196L4. The TAA overspeed
trip switch caused an automatic test shutdown when the d-c converter for the visual
data recorder railed (RFR 1085). Disassembly and inspection of TAA Neo. 1 in the
SNAP-8 assembly ares was monitored. The static and startup testing of this loop
was monitored. During startup, the normally opened solenoid valve delta Lk and
delta 45 (Reference P and I drawing E-10091L4) failed {RFk 1083). Failure of this
valve was investigated at AGC, and an investigation was glso performed by the
vendor on a similar valve. These test support equipment valves were removed and

replaced with the same type of vaive.

Test activities in Buildings 180, 183, 187, and 194 were monitoread.
These activities included (1) rewofk of RPL-2; (2) adequacy of equipment
installation, and installation of RPL-Z ﬁiping (lines 1 through 3, and 5 thrcugh 9)
including fitting and wet shakedown; (35) dry checkout of the RPL-2 L/C system;
(%) RPL-2 build-up and instrumentation installation; (5) wet shakedown checkout
of the L/C system; (6) dry operational checkout of RPL-2, wet checkout of the
RPL-2 primary NaK loop, snd dry checkout of the HRL; and (T7) RPL-2 fabrication
activities (including replacement of faulty vaive controllers, replacing primary
NaK tank and HRL tank level indicators, repairing the repla.zment gas heater, and

performing a wet shakedown of the primary and HRL NaK loops during whi  mwercury

- super-heat was achieved).

The line heuster on the supply tank return line (RPL-2 L/C system)

shorted to the tubing, burning a hole in %the tube and causing the heating element
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to burn cut (RFR 1198). The damaged section of line was replaced and reinstalled
50 as to eliminate & tend in the line where the new clam-shell heater was installed.

Wet shakedcwn and checkout of this system was continued following these repairs.

Malfunction of the 420-kw electric heater in the RPL-2 primary Nak
loop during wet checkout (RFR 1176) was investigated and clagsified as incidental.
Faulty heater elements were eliminated aad all necescary rework was completed
befcre operaticnal checkeut. A subsequent primary NaK heater failure (RFE 1170)
was investigated, indicating t.at a catestrophic failure cccurred in the heater’s
center section when NaK leaked to the atmosphere and a spcntanecus fire cccurred,
causing extensive damage to the heater. The vendor was requested to help determine
the cause of the failure. Preliminary corrective a~tion was tc remove che heater
from the RPL-2 NaK loop and replumb the loop. Final corrective action will include

installation of a second "gas-fired”" heater prior to completicn of wet checkout.

During preliminary checkout of the RPL-2 mercury loop and dry checkout
of the RFL-2, it was determined that the cover gas and vacuum systems were not in
aceordance with issued locp schematics. Corrective action was implemented Ly the
RPL-2 task force, including definitior of the cover gas and vacuum system and

revision of associated test procedures.

RPL-2 mercury Chempump, Model 10, S/Nul failed during wet checkout
(R¥R 0860) and was replaced with Chempump Model 10, S/N-24, which alsc failed
durirg wet checkout (RFR 1168). Investigation of these failures indicated the
same basic failure modes (failed journal bearings and stator-rctor cans severaly
scored or ruptured) of which photographs were taken. Further investigation of
S/NAl and S/N-EA Chempump failures was deferred pending a complete damage analysis
by the vendor. Chempump CFHT-7-1/2-65 (S/N-12878-2) was installed in the mercury
lobp with supplementary instrumentation which was expected to help define the
primary cause of failure of tie Chempump which it replaced. During preparation
of the RPL-2 loop -beforz startup, the Chempump was accidentally started dry and
without the Dowtherm coolant system in operaiion. The Chempump overheated
sufficiently to create a high ¢il pressurc in the étator, causing collapse and
rupture. Oil from the failed Chempump coii mmnated the mercury system. This
failure was classified as incidental (RFR 0861}, and a pocitive lockout cf the
electrical circuit was implemented as corrective action. A second CFHT-7-1/2-6S"
Chempump was installed and is, currently being uscd during the completion of wet

checkout._ ) Page X-6
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E. RELIABILITY CONTROL AND LIAISON

Reliability analysis of the TAA bearing lubricant develcpment program
{(Test D-1-B) test data was started. Reliahility pcrsonnel participated in a
meeting on LOL-1 (bearings) test data correlation and continued to assist the
cognizant engineer. Reliability personnel also participated in the tearing wear

life data analysis review meeting.

Reliability criteria that are pertinent to the selecticn of an alternate

L/C fluid were coordinated with the Materials Department.

It was requested by Reliability that the parasitic load resistor
reliability program plin be upgraded by the subcontractor.

A coordingtion meeting was held with the supplier regarding reliability

requirements on the turbine inlet filter.

Hardware documentation from Westinghouse, TRW, GE (Erie and Waymesboro)
and AGN was reviewed, including engineering design prints on the alterna*cr and.

voltage regulator.

The log book for the preprototype alternator (AGC P/N 094162,
S/N-4B1486 ), submitted by GE, was reviewed. The revised GE (Erie) equipment lcg
was rejected and corrective action initiaved and cocrdinated with cognizant
engineers. Data were gathered from varicus reports and discussed with cognizant
engineering personnel regarding the TAA failure on the first alternator. The
equipment log book on voltage regulator (No. 2) submitted by GE (Waynesboro )

was reviewed.

The GPS startup demonstration testing requirements were reviewed and
analyzed to determine the minimum number of starts required. The preliminary GPS

test plan was completed and submitted to cognizant perzoamneli for review.

Reliability requirements for the inverter were further clarified for
Westinghouse, and coordinated through AGC Procurement. Westinghouse is to submit
v

the required subcontracior's reliability program by 31 August 196k,

Review of AGN progress and interpretation of corrosicn loop 3

operational performance was coordinated with cognizant VKC personnel.
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SPECTROSCOPIC ANALYSES OF ALLOYIiNG ELEMENTS, %

TABLE 2

1st Remelt M-50

RN

Report No. 0390-0k-1T

5th Remelt

[

Elements Heat No. 1 Heat No. M-50
Ti 0. 015 0. 015 0.013
Al 0.026 0,027 0.051
As <0.01 <0.01 <0.01
I Co <0.005 <0.005 ' <0.005
Cu 0,087 . 086 0.084
Ni Cc.001 0.063 C.15
- Pob <0.005 <0.005 <0.005
3i 0.2% 0.22 0.23
Sn 0.051 0.017 0. 02k
Mn 0.17 0.17 0.038
Mo L.26 k.32 L.2o7
\ 1.05 1.00 1.00
Cr L.o6 . GO 3,81
Mg Trace <0. 01 Trace< 0.01 Trace<J.C1
Ch 0.01 to Q.1 0.01 to 0.1 0.01 to 0.

The following elements weve not detected:

Bi, Zr, Ag, Sbo, B, Zn, W, C°

s MaT

*
Thisz is the latest accuracy figure received from National Spectrographic

Laboratories.

Percent
Accuracy of
Determination

+10
+10
+10
+10 _ -
+10
+10

+10
+10 ,
#10 -
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)
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DETFRMINATION

where:
- Al, Cu, and Ni

AL, EE, 2nd Ni

First Remel: M-50,

Gocd"” Heat Fo. 1

First Remelt M-50
“Good" Heat We. 2

Fifth “emelt M-50
"Poor” Heat

o«
]
R

percent content of each element

mean percent
targe number

OF TRACE ELkrERT INDICES

ol |2
2|

Report No.

0390-0k-17

content of each element focund in a

of 52100 sampies.

g . 2:025  0.089  0.061
= G.01% ' 2.960 © 0.C70

0.286 . 0.063

1]
¥
o

0,20  C©.070

o o Q051 G, 08l , 0.150
~ 0.015 © 0.060 T 0.070

[t
-3
O

Table 3
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TABLE 1
GAS CONLENTS JOF CONSUMABLE VACUUM-MELTED M-70 SIEEL

lst Remelt M-50

Gas Heet Fo. 1 Heat No. 2 Sth: Remelt M-S0
N, 0. 0040 0.00ks 0.0050 +i5%
0, 0.00kL 0.007 0.00% +15%
H, 0. 0007 0. 0007 0.0008 +17%

[ ]

Table I
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IARLE O

Hii. STARTING TOF 'E ECTRAPOLATIONS IN NeK

Torque Volts Frequency Volis/Frequency
(in.-it) L) (cps) Ratio
In-Air Tests (EOOOC winding and Botc.s Temperaiures )
£3.6" 208 400 0.52
*
17.1 88 220 0.40
28.9 11k.5 220 0.52
* .
T.25 19.0 a5 .20
29.0 38.0 95 0.40
49.0 k9.4 25 0.52
In-Air Tests (51°C Rotor Temperature)
L 3.3
19.4 208 400 0.52
*¥
11.7 83 220 0.k0
*x “a
3.7 19 95 0.2
In-Air Test (200°C Rotor Temperature)
-21.5 208 Loo 0.52

¥
Tesign vcltage and frequency (all values calculated).

*%
Minimum torque position.

Table 5
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TABLE 6

L/C PMA FERFORMANCE CHARACTFRISTICS COMPARISON

. Capacity Head Rise Power Input Current
Jnit (gpm) (psi) _{(watts) (amperes)
Develc'pment
S/N 481501 17 54.6 " 1438 5.52
First Deliverable )
S/N 481502 17 53.6 1376 6.3
Second Deliiverable .
s/i 8157 17 65 - 1494 6.53
Table 6

n —r
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TABLE 10

TYPICAL. OPERATION DATA-CORROSION LOOP 3

TURBINE SIMULATOR |

Report No.

Nak

-

0390-04-17

NoK PRIMARY 30ILER H- LOCP 7 INDENSING
LOOP ' LuOP
- . ®
PREHEATER }-'L @
Ac«.umulA:llcd Primary NaK losp Hercury ioop - Remarks
Ti e of Flow Flow
g Potling | aute |__(&) Rate i 2 @) [O)]
hr Ib/hr| COF uf l!Ib/l'u' SF [p ia oF esla °r psta | °F ] psta | °F
2 TH00 | 120 | 1070 | 595 | 460 | 613 | 430 | 160 | 9s0 {1l [ 425 | 6.8 250 | 4/21764
(Loop shut down berduse of electr.c power mudification) 4/21/64
3 1800 1300 1182 1 600 410 360 440 270 1050 | 250 380 280 4/25/64
14 1100 1280 1084 6U0 470 560 470 284 1085 256 330 il 280
3u 1800 1325 1150 | 500 L7 560 41° 290 107¢ 265 720 27.4 260
3 k 1809 1310 1200 450 445 580 450 288 1050 258 170 31 200
70 (loop ~hut down oitu. v of high condenser inlet precsure) 4/28/64
73 1270 1173 vo 380 ' 560 |- 450 125 89¢C 90 345 3 390 S/17/64
97 1800 1210 ‘12 300 490 56u 600 125 890 95 570 4.5 375
146 1500 1300 1210 0L 390 540 840 1€8 955 145 600 6.0 395
148 1400 1300 1200 300 400 312 800 i 950 120 600 6.5 385
193 3,18} 20 11490 10 %05 540 825 165 1105 130 605 6.6 410 Superheated Hg
ocbtained 5/22/64
& 1800 1300 1190 300 400 532 760° 170 1130 136 610 7. 420
26h 1800 1320 1150 410 230 530 750 190 1150 150 60 10.0 470
20y 1800 1320 1~g{ 470 460 930 720 165 117 210 680 14.0 510
3o K00 1320 1120 590 460 546 640 190 1200 260 680 15.0 520
Jno 1800 1320 1130 599 490 525 675 300 1200 210 680 16.0 505
{Loop ~hut down due to rluctric power interruption) 5/29/64
352 1310 1170 310 400 546 800 155 930 122 640 1i 350 5/29/64
35 1R800 1310 170 340 L0 540 770 168 1070 135 630 11 3%0 Superheated Hg
obtained 6/1/6%
378 1800 1310 1150 3485 418 544 772 165 1100 1) 655 12 220
406 1800 ' 310 120 500 460 330 690 229 1050 80 670 14 510
+30 (Tloup 4% - fown dut o Hg flow instability) 6.1/64
450 1797 ‘ 2y e 330 470 588 680 135 1030 100 505 4 465 6/19/64 Start;
superheated Hg
H00 1790 *300 ) 1180 324 450 588 610 237 1050 207 580 4 440 obtained immediately
1Y) 1950 T 1150 | 421 4490 560 620 220 1060 190 650 10 495
100 1430 1320 1210 B¥3) 490 360 755 162 112¢ 127 640 10 485
#4000 21N 1310 1150 ] 749 430 553 720 185 1180 140 630 8 510
QU0 166y 1310 11so | 597 490 546 715 2., 1190 | 240 620 8 4713
1000 1950 13tu 1190 | 520 490 546 595 280 1185 255 618 8 500
1.00 1950 1310 1130 | 569 «+90 553 520 105 1205 270 630 9 515
1300 1950 1319 189 | 507 490 593 518 300 1200 7 265 6°0 9 509
150y 1950 1310 (130} 503 SuC 560 520 e 1190 | 267 635 9 490 8/3/64
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N 2. HRL FLOW RATE CONSTANT AT 39,300
: 1.B/HR
-- 470
; 460 13,000
.
!
——
w ”
-
3 , /
-
¥ &0 / T
- ~
«< L]
w -
=
g 1
w
! - -
< 440
a 4 P
= >
o ~ 12,000 2
2 >
3 a
I, o
z oz
b w
z / =
8/
420
-
i
!
]
410 11,000
. 680 700 72
i_ CONDENSING TEMPERATURE - °F
Condenser and Radiator Heat Rejection Rates and Mercury
{ Flow Rates vs Nominal Design Condensing Temperaiures
Figure 10

puny

B e e L Y ——n g S————— ..



.

) - LB

L eeed weemaed aumw wEne MM U2 WS e

RADIATOR EQUIVALENT WEICHT (WT.

Report Noc. 0390-0kL-17

| ' !
1000 N.MI. VENUS ORBIT, WORST CRIENTATION ]

{
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Radiator Weight Trads-Off - Total Pressure Drop vs Radiator Equivalent Weight
Figure 11
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=
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——
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CONDENSING TEMPERATURE - °F

Radiator Weight Trade-Off - Minimum Equivalent Weight
vs Mercury Condensing Temperature
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HRL FLOW RATES - LB/HR T
39,30
L5 /] » 43.000
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—
Z
Z ——  MINIMUM MERCURY PUMP NPSH
2 FOR 10,000 HR OPERATION
|
!
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NOMINAL DESIGN SUN CONDENSING TEMPERATURE - °F

Mercury Pump Minimum NPSH vs Nominal Sun Condensing
Temperature of Radiator Models Designed for Worst
Orientation at a 1000 n.mi Venus Orbit (NPSH Calculated
for Shade Operation with Maximum Accumulation of Tolerances and Degradations).

Figure 1k
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